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HE RESEARCH PROGRAM of the United 

States Testing Company, lac., is designed as a 
practical adjunct to progressive mill operation. It is 
designed to pay for itself on a dollars-and-cents 
basis . . . for it functions under the direction of 
expert cextile engineers, chemists, and technicians 
who have actually been “through the mill” them- 
selves, 

Here is a single example of the many problems 
we have solved for textile mills. A fabric manu- 
facturer reported the appearance of spots of un- 
known origin on his fabrics. His own iaboratory, 
afcer testing all the organic compounds used in 
processing, was unable co trace che cause. 

By means of the Spectrograph, Testing Company 
technicians discovered the presence of lead in and 
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Division 


gear the sported areas. Purther investigation showed 
that the spots were caused by lead coated wire 
baskets used in the manufacturing process as car- 
riers. Upon our recommendation, ziuc coated car- 
riers were substituted, and the spotting immediately 
disappeared. 

If you are faced with similar problems relating 
co textile manufacture, regardless of their nature, 
we invite inquiries. We shall be glad to discuss the 
possible application of Research to your problems 
without obligation on your part. 
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Mechanics of Elastic Performance of 
Textile Materials 
Part VI: Influence of Yarn Twist on Modulus of Elasticity’ 


Milton M. Platt 


Fabric Research Laboratories, Inc., Boston, Massachusetts 


| HE RECENT LITERATURE on textile re develop formulas which allow for the prediction ot 


search has indicated a growing interest in the modu yarn properties once fiber properties and yarn geom 
lus of elasticity of fibers and yarns. In addition to etry are specified. The present paper shows that 
its importance as a hasic property of fibers [1], offer these formulas and methods are applicable to the 
ing clues to the molecular structure [5] and also explanation of changes in modulus with changes in 


changes therein produced by chemical treatments twist, and, therefore, to their prediction. Free use 


and or processing, the numerical value of the modu- — will be made of the data already reported by Ham 
lus of elasticity serves as a constant which enters into burger [1] and Maginnis [2] Joth the dynamic 
the solution of many applied problems concerned with — and the static modulus will be considered. 
mechanical performance [2]. 

Hamburger [1] and Maginnis [2] have provided Summary of Theoretical Data 


data on the modulus of elasticity of a series of yarns , : 
, : When a singles yarn, either filamentous or staple 
within which the yarn twist was systematically ; ‘ 
: is tensioned, there is a distribution of stresses and 
varied. It was found that as the yarn twist increased ee 
strains amongst the fibers, which distribution ce 
the modulus decreased uniformly, in what visually ; 
- pends upon the inclinations of the fiber axes to the 
appears to be a parabolic variation. In a series of 


[4] yarn axis. In previous work [4] it has been shown 
papers } concerned 


with the influence of varn 


geometry on translation of fiber properties, the pres 
; ' 1. Under a given external tension on a yarn, those 

ent writer emploved methods of stress analysis to , ; 

fibers closest to the yarn center are under the great 


* Parts | and II of this series were published in the Feb est stress and strain 
ruary and December, 1948, issues respectively Part III in ] 
A i two varns ot unequal twist are loaded to equal 
January, 1950, issue, and Parts TV and V in the Au — 
st. 1950. issue of Textue Researcu Journa external tension, the fibers in the high-twist varn are 
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under greater stress and strain than those in the low load. In conventional methods for calculating the 
twist varn modulus from static stress-strain curves, the modulus 

Phus, an increment of yarn tension, AP, applied — ' usually taken to be the slope of the linear portion 
to the two yarns will produce a greater increment of the stress-strain curve at the origin. When varn 


tiber strain, Ae. in the higher-twist varn. Since the 


modulus of elasticity is the ratio of yarn tension (pet 


40 
demer) to varn strain (strain in the center fibers i 


the varn), the higher-twist varn would have the 


lower modulus 


F \nalytically, it has been shown [4] that i the ¥ - 
2 equation of a linear portion of the stress-strain dia 8 
& yram of a zero-twist varn can be written as o 
4 
> » 
} a (1 ) 
4 = 60 GRAPH Jil 
SONIC MODULUS VS. YARN TWIST 
where /’, is the load, «, the strain, a, the intercept of 
210/69 +=NYLON 
the hne, and /, the slope, then the introduction of >» © THEORETICAL VALUES 
varn twist will change both @ and /. Since only the ~ 
0 
slope (modulus) is of interest in this instance, it x ‘ 
© ~J DATA BY HAMBURGER 
alone wall be considered For a varn of twist A = 
turns per umit length, with radius A’, the slope 8 
3 40 
}, = 
1+ 


Now, the modulus of elasticity at anv load is the 


4 6 
slope of the tangent to the stress-strain curve at that YARN TWIST. TURNS PER INCH 
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twist is increased, there occurs an increase in yarn 
denier. Values of the stress coordinate are usually 
determined on the basis of the twisted denier li 
this is done, the modulus E, for a yarn of twist NV 
and radius R can be related to the zero-twist modu 


lus, &,,. by using equation (2), as follows: 


Ey - 67° NVR? 


> (3 
(1 + (1 + 402 — 1 


The bracketed expression reflects the increase in 
denier with twist, while the rest of the equation re 


flects the slope change as given by equation (2) 


Experimental Checks 


For substitution into equation (3), the values for 
yarn radii reported by either Maginnis or Ham 
burger have been used where available. Otherwise, 
radii were calculated on the basis of the specific vol 
ume as reported by Peirce [3] 


Graphs |, Il, and III are plots of sonic moduli vs 
yarn twist for three different materials—acetate, vir 
cose, and nylon The curved lines represent the best 
(by sight) curves which could be drawn through the 
experimental points, whereas the small circles repre 
sent the theoretical, calculated values. It can be seer 
from these graphs that very close agreement has been 
obtained between the calculated and observed moduli 
which ts indicative of the fact that changes in modu 
lus with changes in varn twist come about as a result 
of changes in the stress distribution 

Graph IV presents a comparison between observed 
and calculated static moduli of continuous-filament 
viscose yarns of different twists. The observed val 


ues were, to quote Maginnis, “quite spread,” and it 
is readily seen that because of the graphical method 
of determining moduli from stress-strain curves, et 
rors can be readily introduced Although the agree 
ment for the static 1s not so good as for the sonk 
moduli, considering the spread in observed values 
and the errors inherent in the experimental proce 


dure, reasonable correlation has been obtained 


Conclusion 


It has been shown that decrease in modulus of 
elasticity accompanies increase in yarn twist, and 
that the decrease in modulus is related to the stress 
distribution arising as a result of yarn geometry, 
which is predictable from the stress analysis of 


continuous-filament yarns 
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The Action of Alkali on the Epicuticle of Wool 


Gosta Lagermalm and Bo Philip 


Swedish Institute for Textile Research, Gothenburg, Sweden 


Abstract 


A short-time treatment for isolating epicuticle from wool is described. Electron micro- 


graphs showing the penetration and disintegrating of the epicuticle caused by dilute NaS or 
KOH are showr Ihese phenomena and their connection with the increased dyeing velocity 


and some other phenomena after treatment with alcoholic KOH are discussed 


Experimental Procedure 


Che epicuticle of wool—that ts, the thin me mbrane 
covering the fiber surface was first isolated by treat 
inge wool with dilute Na,S at room temperature [5] 

This procedure is, however, rather time-consuming, 
as it requires at least a month to carry out \ more 
| rapid method, which vields samples of almost equal 
quality, is to treat wool with 1% Na. solution at 


OO C for about 24 hrs. and then with a solution of 


| the same concentration at room temperature tor 
about 1 wk Since after standing some time solu 


tions of Na,S often will form precipitates or hecome 
discolored, it is recommended that the wool residue 
be washed after the elevated-temperature treatment 
so that npurities originating trom the Na.S can be 


avorde d 


It is very difficult to get the epicuticle absolutely 
pure. [Electron microscopy reveals that a great part & 
of the membranes in a specimen can be obtained av 
completely tree from adhering substances, but that te 
there will at the same time be some membranes ' 
with adhering bits of the exocuticle Also larger 


particles, including elements from the endocuticle, 


can be found in the same specimen. Figure 1 1s an 
; electron micrograph of a piece of epicuticle, isolated 
| by the short-time treatment and rather free from 
adhering substance It has been shadowed with 
gold-manganin at an angle of 4:1. (The wool had 
been subjected to a treatment with 2 KOH an 
sted alcohol for 5 min. before the Na.S treatment Fig 1. E pic uticle isolated by the short-tame treat 
ment with dilute Na,S, and rather free from adl ering 
This is irrelevant, as the same results have been ob P 


substances. Shadowed with gold-manqanin. 


| 
~ 4. 


| | | 
a 
| 
| 
| 
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“4 tained merely by dissolving the wool m NaS \s tional treatment with NaS, even at low concentra 
4 the figure indicates, the thickness of the membrane is tions and room temperature, does not only lead to 
as not uniform and the surface is rough and uneven a breakdown of the exocuticle but also further disin 
In the same specimen, however, pieces like the one — tegrates the epicuticl 
d shown in Figure 2 were found. Photographed at Calculated from the shadow lengths, the height ot 
he this low magnification, this piece still gives the im the particles constituting the epicuticle in this piece is 
pression of being a membrane, but the boundary be found to vary between 50 A. and 250 A. It must be 
tween epi- and exocuticle is rather diffuse. Ob kept in mind, however, that the sodium sulfide treat 
fo viously, in the upper part of the picture the exocuticle © ment might cause swelling, in addition to or before 
overlaps the epicuticle. A photograph taken at a causing perforation of the epicuticl 
higher magnification (Figure 3) shows that the epi When dilute KOH is used instead of Na,S solu 
g g g 
i cuticle has not only been penetrated, but is also dis tion, specnnens with a similar appearance will result 
| integrating into particles. A similar disintegration ‘igure 4 shows a piece of epicuticle from wool treated 
/ has likewise heen observed by Mercer [6] in the with 2% KOH for 2) mos. at room temperature 
i residue from wool treated with concentrated am This action may explain some phenomena connected 
| monia for about 3 yrs. at room temperature, Addi with the effect of alcoholic KOH 


: 
3 
“ Fic. 2. Epicuticle isolated by the short-time treat 
ment with dilute Na,S and partly overlapped by erocu- Fic. 3. Detail from Figure 2 showing disintegration 
ticle. Shadowed with gold-manqganin of the epicuti 
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KOH for 24 mos. Shadowed with palladium 


Discussion 

Several of the tests used for indicating damage to 
wool give evidence of damage to the epicuticle and 
not necessarily to the wool fiber itself. Tippy dveing 
and the use of several staining tests, for mstance, are 
made possible by the cracks im the epicuticle, which 
provide a free path tor the dye tons to diffuse into 
the fibers | 2, 4] 

Freney and Lipson suggested a short-time treat 
ment for wool using rather dilute alcoholic KOH 
[1]. This method does not alter the physical prop 
erties of the material to any degree of practical im 
portance, but it inereases the dvetng velocity consid 


erably As the only water present is the small 


amount m the reagent and that held by the air-dry 
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wool, the fiber does not swell appreciably and the 
action of the alkal: 1s restricted to the surface layers 

As seen from the pictures, in a long-time treat- 
ment with alkali the epicuticle ts perforated. Holes 
much smaller than those thus formed will be suffi- 
cient to enable the passage ol particles such as dye 
ions or the degradation products produced in the 
\llworden reaction. Whether of mechanical or elec- 
trical character, the barrier presented by the epicuti 
cle 1s broken through, and level dyeing will be the 
result. For the same reason the Allworden blisters 
will not appear even if the epicuticle can be isolated 
The increase in sorption rate of mineral acids after 
different treatments recently reported by Lindberg 
indicates that the epicuticle plays an ‘important 
role as an electrical barrier and also that modifica 
tions in its chemical properties may be essential in 
order to obviate this difficulty 

The question might arise whether it would be pos 
sible to observe in the electron microscope the dam- 
age produced by the alcoholic KOH. Although the 
epicuticle still can be loosened by brominating or 
chlorinating the fibers, followed by shaking in water 
{5|, the damage produced. would hardly be revealed, 
as its order of magnitude might well lie below the 
resolving power of the electron microscope. It could 
also be expected that the underlying substance would 
cover the minute modifications even after the process 


of preparation. 
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A New Wool-Destroying Fungus— 
Ctenomyces Species 


S. R. Sen Gupta, S. S. Nigam, and R. N. Tandan 


Technical Development Establishment Laboratory (Stores), Kanpur, India 


Abstract 


A species of Cfenomyces has been isolated from damaged woolen material. The morphol 


ogy, nature of growth, and other characteristics « 


for deteriorating woolen material is very high 


for determiming the ef | 


Introduction 


The deterioration of woolen materials by micro 
organisms under tropical conditions has not received 
as much attention as that of cotton textiles. This is, 
no doubt, due to the limited use of wool in tropical 
areas, to the fact that it is exposed to less severe 
conditions than cotton textiles are, and also to its 
comparatively greater resistance to biological dam 
age. Nevertheless, during World War II, particu 
larly in the Eastern Theater, the protection of woolen 
textiles from rot and mildew became urgent and con 
siderable attentioa was given to this problem [2, 13] 

Wool differs from cotton in being composed pri 
marily of protein and not cellulose, and it has there 
fore been regarded to be less susceptible to deteriora 
A number of 
species of Aspergillus, Alternaria, Cephalothecium, 


tion by fungi than by bacteria [3, 6]. 


Fusarium, Oospora, Penicillium, Stemphylium, Tri 
choderma, etc., are known to cause discoloration and 
slight deterioration of wool [9|. The fungal growth 
is mainly superficial, the organisms deriving their 
sustenance mainly from suint, burrs, wool fat, and 
other impurities present in wool. So far, no specific 
fungus has been recorded as causing extensive degra- 
dation of woolen material. 

However, a species of Ctenomyces has now been 
isolated, which, under suitable conditions, is remark- 
able in its capacity for destroying wool. The present 
paper discusses the incidence of the organism, its 
morphology, nature of growth, and other character 
istics, and also its suitability as a test organism in 


evaluating rotproofing treatments on wool. 


ciency of rotproofing treatments on Wool 


herein described 


f the species are Its capacity 


and it may therefore be used as a test organism 


Incidence and Isolation of the Organism 


The Ctenomyces sp. is of fairly common occur 
When a 


woolen fabric is exposed in contact with moist soil 


rence in soil as well as in the atmosphere 


in the shade during the monsoon, the organism ap 
pears as a delicate, white, downy growth covering 
the entire surface, and in the course of 3 to 4 weeks 
disintegrates the fabric completely. But under con 
ditions of high humidity and temperature, as present 
in a Tropic Chamber [5], the fungus appears as 
isolated white zones, the growth as well as the de 
terioration being confined to areas where the fabric 
is wet as the result of condensation ef water vapor. 

The organism was isolated hy the planting tech 
nique [1]. Small pieces of infested materials were 
repeatedly washed with sterile water in order to re 
move superficial impurities. They were then asepti 
cally planted on Thornton’s agar medium [10] and 
incubated at 30° = 2°C for a week 

The organism could not be isolated on media other 
than Thornton’s. In the beginning, isolates from 
Thornton’s medium likewise failed to develop on 
other media, but after repeated subculturing they 


were found to grow equally well on them. 


Morphology of the Fungus 


Colonies on potato dextrose agar, Czapek-Dox agar, 
malt agar, Waksman’s peptone glucose agar, etc., are 
all d 


less circular; the diameter is 4 to 6 cm.; the surface 


ense, white, slightly raised, regular, and more or 


at first is smooth but on ageing becomes slightly 


rugulose or develops fine incrustations; the margin 
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Fic. 2. Deteriorated wool fiber. 
Fic. 1. Normal wool fiber. (Magnification 200 x.) (Magnification 300 } i 
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is slightly undulating, with a few faint concentric 
ones 
Hyphae.—Subaerial, delicate, narrow—usually 1.8 
2.24 broad (a few as broad as 3.5 }, septate, and 


Conidiospores (Figure 4 Numerous, develop 
ing irre y all over the surface of hyphae; usu 
lly terminal or lateral, sometimes intercalary ; sessile 


nd tall 
ender Stalk 


Terminal Spores (Figure 3 Sessile: earliest to 
develop by the swelling of the hypl il ends and the 
formation of septa; white, usually oval in shape 
measuring 4.6 * 3.5: wall comparatively thick, 
encl sing | 3 gl bular refractive bodies 

Lateral Spores.—Somewhat smaller than terminal 
spores; spherical, usually 3.5 in diameter; sub 
sessile or stalked 

Chlamydospores (Figure 5 Hyaline with thick 
wall, intercalary; usually two, sometimes three or 
four refractive bodies in a chain; dimensions are 4 


6a: spherical, oval, or semilunar 
when attached in 


Perithecia 


when incubated for about 3 to 4 months 


Develop on wool 


(Figures 6 and 7 ] 


Iscocarf h vellow, with thick wall; usu 


ally spherical or oval in shape, varying in dimensions 


from 150 to 247 » by 247 to 284 p \scus contaims 
OS spores 
wish brown, somewhat spindle 


Yelloy 


Growth of the Organism and Nature of the 
Deterioration of Wool 


1 


The 1s capable 


ferent 


Ctenomyces sp of growing in dif 


wool, feather, horn, animal 


Substrates 


bristles, etc ts growth on wool, even in the absence 


diy 


iaterial, is fairly rapid and 


ad n wont ln 
ot anv adventitious food 1 


luxuriant, provided the material is moist The my- 


celium on ageing produces numerous spores which 
appear in the form of fine incrustations on the surface. 


rhe growth is very slow and limited in all media, 
luding TI The colonies, he 


in their mor 


iornton’s wwever, do not 


show anv variation characters, 


The my 


celium in all cases ts subaerial and forms a compact 
mass Perithecia and asci have been observed so far 
only on woolen substrate after prolonged incubation 


The n 


1 
Wool as 


iture of the ges occurring in 


a result of the action of microorganisms 1s of 


primar miportance m the e mecha 


! 


nism of degradation and in the establishment of a 


basis for the tion of deterioration 
Bergen 111} and 


and others |&! show that 


screntitic prevetr 


The review of ve more recently 


that of Mandels 


difference of opinion concerning the 


there is 
nature of the 


microbial deterioration of wool, Some investigators 


have reported that scales are dissolved during « 


terioration, whereas others have observed merely a 


and separation of cuticular cells Similar 


loosening 


contradictory observations have been recorded in the 


1 1 


case Of spindie shaped ceils In the absence of de 


tails, it is difficult to evaluate the validity of 


observations 


The outer cuticle or epithelium of the wool fiber 


is composed of numerous horny cells or scales. Im 


mediately beneath is the cortex, which is composed 


of a layer of compact, spindle-shaped cells cemented 


together and which comprises the bulk of a fiber 


Epithelial scales are not cemented to the 


throughout the whole length of the fiber: one-thire 
of the seale is free from the surface The free s« 
edge has an irregular or imbricate outline and poi 


to the tip of t} 


The first sign of 


naterial of the scale Ss, 


leading to their separation from the epithelium 


cortex. The mycelium then penetrates and ramifies 
throughout the cortex, formi 


This 


piece OL inte 


a compact network of 
strated by 


ina 10% 


hyphae mav be demon 


bowling a 


sted woolen fabric solution of 


potassium hydroxide water or by leaving it over 


night in the solutio The wool dissolves completely 
le iving the mycelium in it original conhguration, 


indicating even the 


penetration of the hyphae into the cortex is follow 


ag 
branched 
ivy id 
we 
. 
mode of growth, or other characteristics 
| 
| 
pe 
19 
: 
Gal 
| 
| fiber (igure 1) 
| attack of the Ctenomyces sp. is 
the dissolution of the cementing 
| | 
very weave of the cloth. The 
tollowed 
Fic. 7 Vature perithe imm ( Magnification 100 *.) by the dissolution of the cementir material of the 
an 
| 
4 
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spindle-shaped fibrils, leading to their separation 
(Figure 2). The reaction resembles that produced 
by trypsin [4] 

The microscopic examination of wool degraded by 
Ctenomyces sp. shows the presence of undamaged 
scales which are either attached to or liberated from 
the fiber. This may also be demonstrated by centri 
fuging degraded wool from the culture solution and 
examining the residue. The presence of undamaged 
scale has hitherto been considered as evidence of the 
resistance of scales to microbial deterioration. In 
damaged wool, fibers are in various stages of dete 
rioration, and even in severely deteriorated wool some 
fibers show no sign of deterioration. The incomplete 
disintegration of some of the fibers may be due to 
the fact that the activity of a pure culture is gradually 
inhibited by the increasing accumulation of the by 
products; unless these products are completely re 
moved from the field of reaction, complete disinte 
yration of all of the fibers is not possible [12]. An 
undamaged scale may thus represent only a stage in 
the degradative process and does not necessarily indi 
cate resistance to microbial deterioration 

Cortical cells do not appear to undergo any degra 
dation, the liberated cells retaining their original 
shape and size The presence of hyphae in the cells 
or their partial digestion, even in advanced stages of 
degradation, has not as yet been noticed. Mandels 
and others [8] have observed considerable loss in the 
dry werght of wool as a result of microbial degrada 
tion. In the absence of any visible sign of damage 
to cortical cells or penetration of hyphae therein, the 
loss in weight has been attributed to the digestion ot 
cell contents by the enzymes. The intracellular sub 
stance which cements the cortical cells is hydrolyzed 
and dissolved by microorganisms during the degrada 
tion of wool, and therefore the loss in weight of the 
wool may just as probably be due to the dissolution 


of some of the cementing material of the cortex 


PABLE Prerecentace Loss in BREAKING STRENGTH OF 


TO Clenomyces SVECIES 
Breaking strength Average 

Pervod of Ths breaking Percent 
incubation (between grip, in strength we 

(davs 6 replicates Ibs loss 
0 (control 175, 180,175, 190,155,175 175 
170, 145, 170, 190, 120, 170 161 
5 OS. 75. 110,85, 85 79.0 
55.68. SO. 40. 45, 50 51.0 70.4 
25.15, 50,10, 48 80.8 
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Quantitative Measurement of the Capacity of the 
Organism to Destroy Wool 


No satisfactory method has as yet been recorded 
for the quantitative estimation of the capacity of 
microorganisms for destroying wool, which would be 
especially useful in the evaluation of rotproofing treat 
ments on woolen material. Burgess [4] suggested a 
technique which involves the use of trypsin for de 
termining the resistance of wool to microbial attack, 
but due to the fact that the resistance of animal fibers 
obtained from different sources varies and that the 
exact amount of fiber degradation cannot be esti 
mated, the technique has not found application. The 
following method has been worked out for the deter- 
mination of the capacity of Ctenomyces sp. for de 
stroying wool 

Petri dishes, 6 in. in diameter, containing Thorn 
ton’s medium were inoculated with the Ctenomyces 
sp. and incubated at 30° + 2°C for 7 to 10 days until 


the fungus was found to cover about one-fourth of 


the area of the petri dish. Test pieces measuring 
1O} in, X 2) in. each (cut warpwise) of the wool fab 
ric designated “Cloth Collar White.” and weighing 


21 oz. per sq. yd., were sterilized with methyl alcohol 


vapor. They were then separately planted on the 
fungus mat and incubated at 30° + 2°C. Test pieces, 
in repucates of six, were removed on the 3rd, 5th, 
7th, and 9th days of incubation and subjected, after 


normal conditioning, to breaking-strength determina 


STRENGTH 


BREAKING 


PERCENTAGE 


20 
10 
PER1OD OAVS 
Fic. 8 Extent of deterioration of “Cloth Collar White 


vy Cter omyces Sp 


7 
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rABLE Il. Wootr-Desrrovinc Capactry oF 
Ctenomyces SPECIES 


Percentage loss in breaking strength 

woolen fabrics 
Period of Ist Trial nd Trial 
incubation carried out in carried out in 


days Mar., 1949 June, 1949 


9 80.5 80.0 
11 80.0 
14 93.0 


tions. The results are given in Table I and shown 
graphically in Figure 8 

An examination of the results would indicate that 
the ability of the organism to bring about the dete 
rioration of wool is of a high order. In the opinion 
of Dr. C. W. Emmons,* National Institute of Health, 
Bethesda, Md., the performance of the organism is of 
a higher order than that of Microsporum gypseum 
which hitherto has been considered to be the most 
destructive of the microorganisms which degrade 
wool. 

In order to determine the reproducibility of the 
results as obtained by this method and the variation, 
if any, of the ability of the organism to deteriorate 
wool, experiments were carried out at different inter 
vals; the results are given in Table II 

Table IT shows that the results obtained are repro 
ducible, thereby indicating the stability of the isolate 


In view of this and the high order of performance 


of the organism, Ctenomyces sp. may be considered 
to be a suitable test organism for the evaluation of 


rotprooting treatments on wool, 


Pathogenicity 
Some of the species of Ctenomyces are pathogens 
belonging to a group of fungi known as dermato 


Although the 


pathogenicity of the present isolate has not been 


phytes, which cause ringworm |7}. 


determined, it may prove to be a pathogen in view 
of its ability to grow on different types of kerati 


naceous matter. This merits investigation 
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Abstract 


I he irface area and ence tl larmeter f a variety of fibers calculate areatometer 4 

Re data using the Lea and Nurse equation decrease with decreasing san 1 le-bed ty, indicating ry 
that the influence of porosity should be quantitatively determined. Previously suggested correla | 

tions f such data ure found to be of little value for fi s materials \ new correlation is b, 

ans 

flere indicates that a definite porosity function ts as iated with « materia ‘si 


| HE USE of the arealometer (or permeameter) — fraction of void space \ relatively small change in 


‘a for the measurement of fiber f neness has found wid ¢ produces a very large change in 7’. Hence, mucl 
‘ | 
4 acceptance in the textile industry The device offers care must be taken in measuring « In the case of 
4 t simple, convenient, and rapid means of determina- powders, for which the value of ¢ complies with the 
P tion which under proper conditions of use give requirement Of uniformity, consistency of results ts 
3 ri wr less in) fibers. o e othe 
= rather consistent result It is presumed that the More OF it certain Fiber tl ther hand, do 
in cK irt riot t sub 
irealometer measures the surface area of a given not pack ang inthermore, can be 
ed te vid artations 1 orositvy by appleation 
volume or weight of discrete substances more or less ject to wide variati 
of pressure The fact that the porosity of a powde 
irregular in shape irfuce is in turn related t 
7 ge 
packing usually cannot be varied by more than 5 
ome ave ciameter ¢ the part e or fiber 
1 


‘ tained with such material. Fiber beds can be made 
ay discrete particles the surface area per unit weight of ' .% lea 
: to have void fractions ranging from nearly 1.0 to a 
material, S is related to the diameter, d, if the parti ) 
: ow as 0.2, a remarkably wide range bah 
re wmmed to be her | 
ny the Hertel and his coworkers [&8, 11, 12, 13] were pet 


tion S 6 pd, where p is the density of the part the 


mutations ot 


parently that apy Zara, Tanaon 
he measurement ot the rirtace means of | Ling hile t} stulate of vou 
“| the arealometer requires that the porosity or vor formity, and in their tests the fibers were aligned to 
| 
traction ota bed of the mater ccurate ly leter tl Is il chic ip ‘TI Is procedure 1s, hy W 
mined and that it be um thy } the iiple ever, tedious and not wit! t its f S 
| 
hve tested pr huinet vhich we shall The work here deseribed is an outgrowth of 
call P, is proportional to e*) (1 ¢)*, where ¢ is the gram of research at the Micromeritics Laboratory of 
the (seorgia Tech Engineering | ent Statior 
. -'] work 1 t re Vas cor ted by the Georgia the objective of which is the standardization of tect 
I ues used tor t I urement of mart na 
hip of the U.S. A Signal ¢ r Contract N 
W 36-039 8258. wh fiber fineness. In an effort to determine the effect 
The Fiber ty \ \ 1, ot pore t\ on the SI ice mit sured. fil rs ¢ know? 
: irea, such as nvlon, were investigated. These fibers 
tk are \ ( } kx per iw Var) wd mace 
tat t simple matter t letert 1 the ettect tt pat 
4. 
— 
if | 


4 
4 
A 
7 CS For fibers, they are assumed to be pertect arealometer method for determining fiber fineness x 
= 


oft larger dimensions than those ordimnaril 


chamber size was 


to minimize, the effect of nonuniformity in the tibet 
bed 

In this e discussed the results thus far ob 
taine certain data pertaining to pow 


¢ 
mitended tor purposes ot 


asically, the 


study attemp 
show whether uniformity of sample packing can be 
achieved without 
initiated by Hértel. It was 
arealometer 
Sacrifice 


with which samples can be handled without 


of accuracy. here 


terest since they 


unconfirmed, limitaty 


The Carman Equation 


An extended and thoroug 
of-the method is given by Carman [3] and by 
[7], and Carman |[4, 5, 


ial experiments testing the validity of the the 


specific surface of the 


cm 
p density of the material tested, g¢./ce 
Iractic of void space In sampic bed, o1 


irea Of bed, cm 
1, 
manometer reading measuring pressure 
arop acro s bed, ¢1 Hoo) 


HO): 


Subsequently, Blaine [2], Bates [1], and 


[9] presented evidence showin t! it for fine pow 
ders the perni ibility changes d sproportior ite] 
with the porosity function, ¢*/(1 — 


show the effect of varying porosity up the specitic 

surtace area various fibers as culate rom equa 

tion (1) 


ny porosity upon calculated surtace area, tests were 
nade on 2 samples of monofilament nylon with diam 
eters of 13 and 50 lon 2 umples of rar e fiber 
In addition, 4 powders—tc., aluminum, cadmium, 
copper, and kaolinite-—were tested to study reprodu 
cibility of results Data from the tests made on the 
fibers plu vdditi ! il data fre tests on cotton fiber 
ind silica powder, were used for the correlation of 
data 
Equipment 
Generally speaking, the arealometer device tor 


holding a permeable bed in such at nner that its 
dimensions and porosity can be accurately deter 
mined; it provides a means of forcing air or other 
fluid throu h thre hed, toget! er witl i means of MK 
tering the fluid; and, finally, it provides a means of 
measuring the pressure drop across the permeable 
bed 

In the experiment reportes here two different 


and 3 in. high 


bottom of the cy 


bed plate covered with filter paper, which in turn 
pported the sample bed \ rubber 
the bed plate and the detachable base | 


leaks \ } unger gyre 


isket between 


revented 


sup 


? 
und to fit snugly inside 


evlinder was used to cr pact the bed the depth « 
the bed wa measured with i eter 
fibers, a cell 1 in diameter and 10 in. high was 
u ed me detac} ible | pertor ited 


1 in. high was attached by a ball-and-socket jomt 

i threaded shaft. and the depth of the bed w ce 
mined by counting the number of revolutions of the 
shaft; each « miplete revolution of the haft n 
the plunger ] mn The It n cell: hown in 1 
ure | 

Auxiliary equipment for forcing air through 

peri ible bed ind uriny the flow 
of a vacuum pump attached to the tem throu, 


4 ticular variable The arealometer chamber used was Phe experiments and results reported in this paper Ye 
vy emploved . 
; hv textile workers: it will be described later in this we, 
i paper. Undoubtedly the void space varies from Be 
point to point in a fiber mass; hence this larger ee 
4 necessary to eliminate, or at least Materials Tested 
t For the purpose of determining the effect of vary ae 
ders are included, they arr 
| 
= reveal hitherto suspected although 
af TiS . 1 . 1, 
ot the general procedure 
| 
| 
basis 
Dall 
alla 
tails of 
2 
equation relating specific surface and pet arealometer cells were used. For powders, the cell 
lea and Nurse from used was a brass cylinder | in. in internal diametet 
a4 that of Carman is PY \ detachable base threaded to fit the | a 
14 
‘ | e’ Ah, 
; p Va e)?CLh 
a here So = the material, 
ime 
Me : plate, and rubber gasket were used with this cell gH 
ce but the plunger and the method of measuring bed i. 
Cai depth were different \ perfor ted bra plunger Sere 
manometer reading of flow meter, cm 
( constant ot flow meter capillary 
depth of sample bed, em | 
Keves 
- 
\ 


- ' 1 


5-gal. surge tank, a capillary flow meter, and a ma 


nometer for measuring the pressure drop across the 
bed. Close regulation of air flow was obtained with 


a needle valve open to the atmosphere 


; with the valve 
wide open, a minimum flow of air through the system 


resulted The 1] 


air entering the arealometer cell was 


ried im a calcium chloride tube. For 


conditions 
such that a very low pressure drop across the perme 
the Case 


amples, the manometer was replaced with a Whalen 


able bed resulted, as was with most fiber 
gage capable of measuring accurately pressure ditfer 
ences of the order of O.OOL in. of water 


Experimental Procedure 


The procedure used in making a run varied with 


the purpose of the experiment In testing with pow 


ders for reproducibility of results, the object was to 


maintain all variables constant, and to arrive at a 

tandardized technique which could be rehed upon to 

ive consimtent results, whether or not these re 

sults were accurate The Blaine apparatus specified 

in Federal Specifications SS-C-158) for “Cements, 

Spectheations (Methods for 
| 


Inspection, and Testing)" is intended to 


Hydraulhe (seneral 


assure a standardized technique by 


dimensions of the apparatus and the 
ple bed to be used so that a bed porosity of 0.505 
QO.005 will result 


the construction of the apparatus. The proper sam 


REPRODUCIBILITY OF 


\REALOMETER MEASURED SURFACE 
WITH CONSTANT SAMPLE 
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weight required to assure the 


ple 


is experimentally determined 


enecihed 1 
pecihed porosity 


With the arealometer 


cell used in this investigation, however, such methods 


were not feasible. What was i] 


desired was simply 


duplicate conditions for each test, and these were 


achieved as follows: for a given material the same 
weight of sample was used for each run, this weight 
being arbitrarily determined (usually a bed depth of 
about 1 em. was sought) ; the same depth of bed, and 
hence the same porosity, was obtained by compress 


ing the sample (with the plunger previously de 


scribed} in a hydraulic press, using the same pres 
sure for each test Table I shows the results of 
these tests 

One series of tests was also made with nylon fiber 
for checking reproducibility of results. In this se 
ries, several samples of nylon, each weighing 3 g., 
were placed in the 10-in. cell by a uniform procedure, 
and cor ipressed to a porosity of 0.62 The surface 
was then calculated in the usual way 

In the investigation of the effect of porosity upon 
the calculated surface area of fibers, the 10-in. cell 
described was also used. For each test, 10 g. of the 
fiber were packed into the cell in as uniform a manner 
as possible, and the inttial porosity was attained by 
turning the threaded shaft a certain number of times 
until a predetermined bed depth was obtained. The 
necessary 


measurements for caleulating the surface 


were made, and the shaft was then turned ten more 


times. This process was repeated until the fiber 


reached its maxinium compaction, or until it was 


impossible to compress it further. The results are 


shown in Figure 2 and Table I] Similar di 


obtamed for a 


ita were 
hea powde rbva procedure that dif 
fered only in the method of changing the porosity of 
the sarnple; this was done by increasing the compac 
tion pressure in increments of 100 p.s.i 
In addition to the tests described, the diameters 


of monofilament nylon fibers were determined micro 


ll, 
scopicaly and 


their surface areas were computed 
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hig. I frealometer cell for fibers 
| ¢ 
| 
46 speciiving the 
y 
rABLE I 
Sample Depth Bed forming 
No. of weight of bed pressun m= s Standard \ve ae 
Substance run em ps deviation porosity 
Cacimtum ORS 467 16.48 0.42 
Copper O63 300 189 O73 ope 
Viuminum 12 O.70 00 1.540 33 0.48 
Kaolinite 0.58 12.400 1,580 0.61 
Nvlon* 7 ; 1.28 > 410 RR 062 
* Monohlament, diameter 
| 


Octoser, 1950 


from these measurements for the purpose of com 


parison with the arealometer results 


Reproducibility of Results 


For the 4 powders tested, the reproducibility of 
results (Table 1) was very good for aluminum and 


‘cadmium, less so for copper, and poor for kaolinite 


Reproducibility for the nylon was fairly good, and 


the average calculated surface of 2,410 sq. cm. per 
was in much better agreement with the microscopi 
cally determined value of 2,650 sq. cm. per g. than 
was the area obtained in the porosity-etfect tests 
(average value at higher porosities, 1,260 sq. em 
per g.). In the powder tests, the pressures used for 
compaction, 300 and 400 p.s.i., were arbitrarily 
selected 

It will be noted that although sample weight, bed 


depth, and porosity were held constant, no mention ts 


rABLE Il.) Variation In Speciric SurFACE AREA 
S.) wirn Porosity (e) FoR 2 SAMPLES oF 
MoNOFILAMENT NYLON AND | SAMPLE 
or RAMIE 


Specific surtace area, sq.cm. per g 


Nylon 41, Nylon #2 


Lami 

e Run fun 2 Runt Run 2 Run l Run 2 
O.866 1.450 1.330 
0.859 1,440 
0.850 1.450 1,350 
0.840 1,470 
0.828 1.430 1,290 
O.R15 1,450 
0.800 1.400 1,250 
O.785 1,240 1.350 
0.781 1.440 
0.769 1.270 1,400 680 
0.760 1,440 1,140 
0.754 1,270 1,440 O40 
0.733 1,440 
0.731 1,270 620 S600 
0.707 1,210 1.260 5580 
0,699 1.410 850 
0.677 1,190 1,260 S80 500 
0.641 1,160 1.240 
0.599 1,450 800 
0.595 1,180 1 200 FF Ff 560 
0,539 1.090 1.120 500 340 
0,519 1.400 R10 
9.498 1.410 
0.462 930 970 $40 $40 
0.354 720 760 400 
0,298 600 
0.266 - 600 


| 
| 
| 
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‘ 
| A 
000+ A 
< | 
4 
a 4 
« 
a a 
5 #00} + 
A 
2 / | 
j 
a 
| 
i 
POROSITY 
Fic. 2. Variation of specif rface of fibers 


made of constant air flow ;.this is because it has been 
found that over the maximum range of air flow pos 
sible with the apparatus (up to about 5 liters per hr.), 
the ratio h,/h, (see equation (1)) is virtually con 
stant. The technique intended to give the same 
depth of bed with the same sample weight—nanx 
compaction at the same pressure—-did not result in 
perfect duplication of test conditions; therg was a 
slight variation of bed depth (and hence of porosity ) 
from run to run for any given sample, but the vari 
ation was quite small and it 1s beheved that it did 
not affect the results appreciably 

Even granting that the data are limited, the repro 
ducibility obtained with the arealometer cannot be 
said to be encouraging, except perhaps for the alumi 
num and cadmium powders and the nylon fiber 
Variations in calculated surface area of the kaolinite 
were excessive; values ranged from 9,100 to 13,500 
sq. em. per g. Limited d 
kaolinite, not presented im this 


better agreement Although definite conclusions 
should not be drawn from the data presented here, 
it was noted that materials with low surface areas 


gave more consistent results 


Effect of Porosity on Specific Surface Area 
The data in Table II are plotted in Figure 2 for 


the 5 samples tested. With the exception of one of 
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the ramie sample hich showed practically no © 
| ising porosity ill the sam or 
‘ leulated } 
Cal a area Gecreast a5 + 
regular manner with ce 
curve show no | irticular 30 
| t hape or sk 1 the only 02 20 
| emo the tendenc toward 
lower areas for ver porosities. From the fact that 
i> 
these area re affected by porosity to tl extent ' t E 
indicated by the data, it is evident that if the area E t ' 
lometer is to yield accurate values the influence of t 
| porosity upon the calculated area should be quanti 5 003 ‘wa i © 
tatively determined 4 = 
= 002 + + 
rs) Y 3 
Inter-Relationship of Variables \ 
Examination of equation (1) shows that for a | 
50007 
given material all the quantities remain constant as 
the porosity ot the bed of material in the arealometer 
cell is changed except e, h,, h,, and L (or W)* It aa 5O-MICRON NYLON 
appears that some relationship should exist among © (3-MIGRON NYLON 
@ COTTON 
these variable s other than that indicated by the equa sie, > Ramie 
tion, since practice S as calculated hy the equa 
4 
tion is not constant, except for ted ranges of = 
Keyes [9] plotted (hy/h,)'* (1 ws. e, where POROSITY 
; all other factors in the equation, including L, were Fic. 3 CaO een pressure-Grop Junction 
and porosit 
: constant, for various finely divided materials such as 
quartz sand, zine dust, and Portland ceme 
| lid not yield results in complete 
| ing straight lines intersecting the «x-axis ; 
reported. It was necessary in 
values ot pparentiv in these tests 
weight varied. If the porosity function holds, these 3 
hot! of variables, so that values on the y-axis were repre 
% lines, according to Keves, should imtersect both axes , 
sented by \ (Lh Ny) (1 €} With this 
modification, pomnts obtained trom data for powders 
: eAh, were too scattered to give conclusive re sults, but data 
l4y CLh vs. €, for nylon and ramie fibers gave straight lines intet 
secting the .v-axis at a negative value of ¢ for nylon, 
btaining a straight line from data on cement sam , ‘ ‘ 
ind at QO.2 tor ramne Data for nvlon and rami 
ples intercepting the at ¢ He thet 
. plotted as described by Bates gave curved rather than 


concluded that the equation 


O50 eNCLh - \ further etfort was made in this investigation to 


’ : correlate the data by the following procedure : letting ; 
t affected bv « The tactor 
r, values of r L were plotted against on 
equation (2) must be ex 
| semi-log paper These values were obtained fron 
ed tor enc tiateria at 
: runs made with nylon, ramie, and cotton fibers, ane ee 
and powders this inve 
¥ 
order 100,000 sq. cm. per g These materials were ; 
se especial suitable for such tests. since for the fibers 
ised porosit ranging from O.85 to 0.27 were at 
\ ’ ined na tor the sihea powder the range in porosity 
‘ i\ Vv vary 
was 0.93 to O75 Lhe | ts tor the fibers 
; 


| 
by 
fr. 
straight lines which intersected the x-axis at values 
O.RS0)(14) of very near 1.0, 
yave values of S 
corresponding to 0 
permentall detern j 
Data obtained for | 
tivation, when plott 
1 "Nor: | 
cle #hy ot » P 
bed ml cletisity 
. where H’ is constant 
| 
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< sulted in two intersecting straight lines, and that for 
the powder resulted in a single straight line, as shown 


in Figure 3. It is of 
the 
but that the 

led 


. in the value of 


fold 


to lor thts 


even 


appears that at least one 


the 
from area 


the 


of form log 
lometer data 


} 


significance of this rel 


the present time 


on other fibers, an 


In spe cific 


nvion. It w 


the 


points of intersectior 


the constant B 


Salllie 


Curves 


MYLOM, 
MYLON, 90 y 
namic 

2! COTTON 


the plot of the data tor 


tor eacn 


resemblar 


~ 
a 
» | 
| 


= 
pe Changed apprectanly 


+ 


It remains now to obtai 


urface aftects 


thaps two equatior 
le + B can be 
hen th 


idea about this effect may be obtained by comparins 


fiber differ, the slope of the 


cde rived 
ri porosity of a bed o 


What the 


n further data of this nature 
d then to determine how a change 
the relationship. Some 
the 13- nylon with that for 
be seen that although the 


upper portion (i¢., the portion above the point of 
intersection) of one curve is essentially the same as 
that of the corresponding portion of the other curve, 


I 


ce exists between the lowe 
Similar correspondence be 
a 
> 


to he 


, and the slope of the curve tor 


tions of the cotton 


ind ramie curves The significance of these sim 
larities is not evident, but it is of interest to note 
that the curves can be classified into two groups ac 
cording to the type of material; that is, curves tor 
nvion, a mot iF fiber of unitorm diameter, 
constitute one group, and curves for the other sam 


efined as in equation (1 (in 

these groups are dimet onl only the con 
1 and C, the inclusion of which would make 
term dimensionless, are omitted), individual 

for any maternal tested in the arealometer 


should fall along the same cl 


from the arealometer data for nvlon, ramie, 


cotton fibers ( Figure 


tion of the data at value 


than 2 for all the sani] les except the 13-” nylor 
Scattering of the points imereases at lngher values 


(up to 5), and the poin 


even farther from 


i hiber bed of length 


function 


was sufficient to account for the effect of porosity on 
the flow of air through wads of the fibers tested, 
where the fibers were all packed in the same manner 
The data obtained im this imve tivation were uitable 
for plotting in the manner described by Fowler and 


Hertel, ar al vielded straight lines very su lat to those 


] 


lata also indicated varying pecihe surtace o that it 
appears son what doubtful that the (/ A; vs. I 
plot proves the validity of the porosity function 


In conclusion, it ippears that the arealometer 
elding consistent results for 

is taken to assure proper test 

it is often difficult or even im 


ettect of 


| 
O81 
tween the curves for cotton and rame are HZ ars 
interest to note that the range very nearly that of the upper 
tio r L was nearly a thousand 
uight-line relationship appeared 
rather large range Thus, it 
) 
5 
tionship is cannot be stated at shape, constitute another group 
4 whe re 
et.ect, 
are and the values of the firs 
ivy Such Not ad 
rve ch plot, mace 
+), shows tairiy good correla 
the others at these higher value 
Fowler and Hertel plotted (/ Ap) against 
tor various fibers ovet a porosity range ot 54 to 
fs? | 0.80, obtaining straight lines ; in this expression, Ap is ive 
the pressure drop thro.gh 
Krom this they concluded that the porosity 
| 
“i | | 
3 ~ | 
> 
; 
| 
: | obtained by these investigators Llowever, the same 
Fe 
1G 4 « 
| a, | 
2 3 4 5 ne 
{ 
Fic. 4. Dimer niess plot of arealometer data = Sy 
for fibers possible to determine such conditions. The Hii’! Be 
: 
| 
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T. R. I. Annual Meeting 


r 
} | wr IWENTY-FIRST ANNUAL MEETING of Textile Research Institute will be 


« held at the Waldorf-Astoria Hotel in New York City, on Thursday and Friday, November ; 
- 16, 17, 1950. The laboratories of the Institute at Princeton, New Jersey, will be open for in- 
a spection on Saturday, November 18, 1950 
. Phe program for the meetings is as follows 
E TECELNICAL SESSION Phe Spinning Value of Raw Cotton,” by William 1] 
Morton, Professor of Textile Technology, Man 
a Thursday, November 16, 1950 chester: College of Technology, Manchester, England 
lade Room, Waldorf-Astoria Hotel. New York City 
3 of Research, The Toni Company 
4 Chairman of the Day Luncheon: 12:45 p.m. In honor of visiting British tex 


John H. Dillon, Director of Research tile educators 


lddre 
Pextile Research Institute 
laa 


iitvy of Wool—Its Theoretical and Practi 


Registration: 9-00 am feance.” by |. B Sp ikman,. Professor of 
Morning Session: 10:00 a.m Industries Leeds University, Leed 
Certa Aspects of Yar Structure by | R 
Schwa Profe r of Textile Techn v. Ma \tterno session: 2:30 p.m 
chusetts Institute of Technology Phe Copper Technique for Dvyei Acrvionitril 
Discussi Cha \ Walter |. Hamburger, D Fiber by T. A. Fie | ind G. H. Fremot 
oe ba Researe Lab tori lo be presented by G. H. Fremon, Research and 
| Deve pric ey rtment Carbide ind Carbon 
' (Che cals D t Uni Ca e and Carbo 
Wwe ‘ itture irold 
Walt bre nt, B Ux e Worst 
Corporatiot Discuss Cha 
Discu Ge e L.. Rover, A tant 
Direct t Phy ul Cher 1 R ration ot 
rel ( ( il 1) ind Weakmne 
Amern Cy ( Textile Research Institute 


| 
le 
| 
| 
| 
j 
| 
is 


ni | 


Octoser, 1950 
Discussion—Chai Elting, Director 
Il Mills, Division 


nar 
pany 


ges as Related to Degree 
Raimard, Assistant Di 


nder Smith & Sons Carpet 


Company 


hibits 9:00 a.m. to 6:00 pom Astor Gallery 


GENERAL SESSION 
Friday, November 17, 1950 
Grand Ball Room, Waldorf-Astoria Hotel, 
New York City 
Chairman of the Day 
Donald H. Powers, Director of Apphed Research 
William R. Warner and Company, Inc 
Registration: 9:00 a.m. 
Morning Session: 10:00 a.m 
Symposium on Performance and Serviceability 
of Fabrics 
The current program to improve the performance 
of fabrics: 
“Fabrics of Natural Fibers,” by Giles E. Hopku 
echnical Director, The Wool Bureau, Inc 


“Fabrics of Synthetic Fibers,” by Julius B, Goldberg 
Director of Research, J. P. Stevens and Company 
Inc. 


The serviceability of the newer fabrics 


“Serviceability in Laundering,” by George H. Joht 
son, Vice-President, The American Institute of 
Laundering 


Lunch 


683 


“Serviceabilitvy in Drv-Cleaning,” by George P. Ful 
ton, Research Director, National Institute of Clean 


and Dveing 


heon: 1:00 pm 


Report of the President 
crott, Director of Rese irch, Alexander Smith 


& Sons ¢ arpet Company 


Address 


From Adam to Atom,” by Floyd W. Jefferson, St 


Co-Chairman of the Board ot Directors, Iselin 
Jefferson Company, Inc 


Exhibits 9:00 a.m. to 5:00 oom Astor Gallery 


OPEN HOUS! 
Saturday, November 18, 1950 
Textile Research Institute Laboratories 
Princeton, New Jersey 
The Laboratories of Textile Research Institute in 
Princeton, New Jersey, will be open on Saturday, No 
vember 18, 1950, to provide an opportunity for those 


tending the Annual Meeting to inspect the research 
acilities of the Institute 


The Statt of the Institute will be present to discu 
techniques and equipment used in connection with the 


Institute's current research program 


Bus transportation will be provided between the 
Waldort-Astoria Hotel and the Laboratories (yuests 
will leave New York at 9:00 a.m. and return about 
pom 

In addition to the in pection ot the Laboratori s, the 
program will include a brief, guided tour of the Prince 
ton University ce: and a luncheon at the Princeton 
Inn 


Advanced reservations for the meetings may be made 
through the Textile Research Institute, Inc., Princeton, 


New Jersey 


EXHIBITS 


Thursday and Friday, November 16, 17, 


Astor Gallery, Waldorf-Astoria Hotel, New York City 


Recent developments in laboratory control and te sting 
general interest to Institute members and guests, 


meeting rooms. Representatives of each manufacturer will be on ha 
\s this issue of the JouRNAL goes to press, the 
Ments tor ai playing equipment at the meeting 


Company 
Anderson Machine Company 
Brush Development Company and Institute of Textile 
Fechnology 
Carbide and Carbon Chemicals Company, Division of 
Union Carbide and Carbon Corporation 


International Busin 


‘ss Machines Corporation 


Instrument Development Laboratories 
Instron Engineering Corporation 
Manton Gaulin Manufacturi 
Schaevitz Engineering 
Special Inst nents Laboratory 

Standard Electronics Research Corporation 


United States Testing Company, Ine 


Company 


Uster Corporation 


following 


instruments, as well as other exhibits of 
will be shown tn the Astor Gallery adjacent to the 
d to demonstrate equipment 


g organizations have completed arrange 


} quipment to be shown 


Pacific evenness tester 
I | ] evenness tester 


Dynel synthetic fiber 

Complete set of machines as now used by T. R. L. for 
recording and analyzing test data 

The “Color-Eye” 

Strain-gage testing equipm 

Homogenizer 

R. fiber tester 

Arealometer and Fibrograph 

Evenness measuring equipment 

New gas-fading oven and equipment for employ 

radioactive isotopes in resear 


Evenness analyzer and other instrument 


of The Kendall ny 
‘Dp 
of Fiber Crimp,” by L. V 
rector of Research, Alcxa 
an 
aie 
Discussion—Chairman: Milton Harris, President 
Harris Research Laboratories 
te 
yi a a 
j 
+ 
| 
ry 
ig 
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A 
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INDUSTRIAL SECTION 


Cotton Waste 


George H. Dockray*, Barkley Meadows}, and Leonard Smith? 


Introduction carded yarn products and about 30 of the cotton 
The waste }I xluced in a cotton textile mull is an processed into combed yar produ ts became waste 
important factor in determining the cost of operating Figure 1 shows schematically the more important 
and therefore in influencing the profits of the mill types of waste produced and the places where they 
Since cotton ge to market principally the form er in the mull 
of products manufactured by the mills, better contro Roughly 80° to 90° of the United States produc 
ol waste production ar d increased value of the waste von of mull waste originates in the South, because oi 
produced are also important to those segments of the the large proportion of cott . mills there, and the 
otton industry which supply the raw fiber concentration of Southern mills on the production of 
Greater appreciation at d knowledge of (1) the heavy fabrics \bout 13 of the total waste pro 


size and the nature of the waste industry, (2) the GUCEG Was TEWOrKed 1 — ao where it originated , 
, ie remainder w nto trade channels 

factors influencing waste markets, (3) proved met! the t trade 


ated estime if fron wast } 
ods for controlling waste, and (4) opportumities tor \ detailed estimate of 
‘ pes, 0 1048 1) sim ible \ ite ste 
are the ohiectives types, tor 1948 appears in Table | White waste, 


which 1s actually good cotton, is not mecluded in waste 


slossary of terms used in this pat appended Statistics 


« teri 1 er is appe! 
tor the reo colers lt wh it In 1047, according to the Bureau of the ¢ ensus, 
terested in the subject, may not be familiar with the 88,800,000 Ibs. of cotton waste was used in the mills 
ETE ee where it was produced. Table I] shows, in detail, the 
breakdown between waste consumed internally and 
Production tl illy, together with the value of 
t] 
Quantities Produced During the past two decades, improvements in ma 
During the calendar vear 1948 the United States — chinery and an increase in ‘waste censciousness”” have 
cotton mills consumed a total of 4.666,990,000 Ibs. of reduced the percentage of waste produced in cotton 
cotton \pproxnnately 8&8 of this cotton was used processing. In 1930 the average waste factor for the 
in the manufacture of carded fabrics, and 12 was cotton textile industry was 17.9°7 (excluding bagging 
used in combed fabri In a recent survey of cot and ties). By 1935 the factor had decreased to 16.2% 
ton mills it was found that. including bagging and — and in 1947 to 14.7 The trend te even lower waste 
ties. about 15 of the raw cotton manutactured into percentages apparently 1s continuing, because the 
waste factor for 1948 is estimated to be 14.2' 
* Techmical Serv ) t { t ( 
t America \W 
Laboratory, Ns (in a net weight b 1948 in the United States 
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ages of picker and card waste 

essing the longer staples that 

sponding grace ‘ orter 


CARDING L 
| COMBING t= 
DRAWING ] 


WINDING 
TWISTING 

SPOOLING 
WARPING 


WEAVING 
CLOTH ROOM 


of cotton waste produ i 


moved as Qt this, abou 

able fiber, while 4.46 was 
‘ 

commercial value. An analysis 


infiuence of Cotton Grade ar 5 
Since trash content 1s a fac 
OUTAGES cotton shu wld obvi 1 


SLASHING 
J 


mi at 
action 


lationship between 


present in the cotton and 


Marketing 


The marketing of cotton waste 1s quite 


from the marketing of raw cotton. In the 


futures markets because there are mo recog 


standard grades or staple lengths for the 


to purchase the waste produced in a given period, 


such as 3 to 12 mos., at a price which covers t 
period of the contract Because of the wide 
tion in waste prices at the present time, n 
tracts cover a period of 3m ~ The dealer 
sorts, grades, and processes the waste in the 
that will as him of obtaining the greate 


S are it! luded there are 
cotton waste dealers in the | ted State 
these are si ill her e the te trade is hig 
petitive The principal mill waste marke 


markets are in New York, Boston, and Chicago 

In the absence of standard grade waste 1s usually 
sold by dealers on description or by sampl Waste 
is normally sold. in bales. on an f.o.b. basi Soft 
waste bales weigh 400 to 600 Ibs., whereas hard waste 
bales weigh as mucl 800 to 900 Th 

The svstet Ot cist ne of waste hy contract sale 
to dealers has remained the most popular with mil! 
because of several ad tages which it offer till 
consider cotton waste a nece irv evil u lental to 
the manufacture of yarn or clotl For the mill to 
process and sell its waste to those who use it as a raw 
material uld require miplete producti nand sale 
departments devoted to waste alone. The entry of 


the mill Id 


into the waste business would als 


different 


waste 


t and 


nized 


Various 


differen 


he 
fl 


contracting 


le 


uctua 


t cor 
lects 
ines 


f 


| 
G7 
ie and manutacturing waste as s} wn | ist EX 
eign material of n neren 
gn material of no perience is indicated in Table Individual san 
16 of the makeup ot! ples may not always conform to tl 
different classes of waste appears in Table III 
uit in low grace 
designation, and he +} 
I 4 Tit ¢ waste 18 also 
ae influenced by the nature of the extraneou I], 
; tor in grade. lower ‘traneous material dy 
yield more waste fiber 
Stal le lengt! Iso } iw 
by processing corre 

used for the longer staple thi trade tl 1 
pies, ade there 1s no equi wt af the 
automatically decreases the speed of the feed the cotton 

hence results in a more thorough carding | — 

the longer staples, The average 

A us 

j 
. 

tems, or through combinations of these 
re | RAW COTTON — = Hi rically the oldest, and still the most common a 

method emploved by mills. i 

ery} y milis. 18 sale to a waste deale r = 

OPENING Mote he dealer buys from a number of mills, 

; = Dust House 
Clearer 
n 
1 
Noi st profit 
7 
| ROVING | 
a) ly com 

Thread Wast 
Sweeps soston, Atlanta, and Charlotte; the important rag 
= 
Thread Waste ia 
y Rag 
\ 
/ 
) 
44 
of origin in the 
require 
3 


TEXTILE RESEARCH JOURNAI 


TABLE [. Estimatep Gross Waste Rerortep sy U.S. Miiis, 1948'* 


Carded yarn mills Combed yarn mills Total 
1.000 Ibs % 1.0000 Ibs 1,000 Ibs 
Gross weight used $112,551? 100.00 334,439 100.00 4,666,990" 100.00 
Bag pickings 1,645 0.04 222 0.04 1,867 0.04 
Opener motes $5,649 1.11 $655 1.02 31,304 1.10 
Cotton, bagging and ties 146,407 +56 13,806 249 160,214 3.4? 
Picker mote 38658 Oy 4,768 RO $3,426 93 
Dusthouse 10,693 6 1,053 19 11,746 25 
Card strips 131,190 3.19 25,615 4.62 156,805 3.36 
Card fly $9,632 1.45 8,760 1.58 68,392 1.47 
Comber noils 79,784 14.39 79,784 1.71 
Clearer (card 4,290 O8 3.734 Os 
Clearer (spinning 2,879 07 $88 3,267 07 
Sweeps card 18,918 46 3,327 60 22,245 18 
Sweeps (spinning 37 424 91 6,265 1.13 $3,689 94 
Sweeps (weave OR7 61 $824 87 29,911 64 
Soft threads 61,277 1.49 5,267 95 66,544 1.43 
Hard threads 21,797 54 2,938 53 24,735 33 
Slasher threads 18,095 4 2,440 "20,535 
Oily threads 2,056 0% 277 2,333 Os 
Clean rags 8,225 0 1,109 20 9,334 20 
Greasy rags 1056 Os 277 2,333 
Total visible waste® 634,978 15.44 167,219 30.16 802 197 7.19 oar 
Actual cotton waste* 188,571 11.88 153,413 27.67 641,984 13.77 
* Superior numbers throughout the tables refer to footnotes pen! 
' Based on a survey of 32 carded yarn mills and 17 combed yarn mills 
* Carded yarn mills processed 88.12% of total cotton consumption . 
* Combed yarn mills processed 11.88% of total cotton consumption ee 
9,097,446 running bales of 513 Ibs. each 
* Including bagging and ties ; 
* Excluding bagging and ties 
TABLE Il, Waste: Quantity AND VaLvue or Propucrs, Unrrep Srates, 1947* 
Produced and used lotal shipments and 
in same plants interplant transfers 
% ot Value 
total f.o.b Total 
Quantity production Quantity plant produc tion 
1,000 Ibs 4 (1,000 Ibs $1,000 1,000 Ibs 
Cotton wast 88,814 12.6 618,052 62,657 706,866 
- 
Card strips 470 16.9 139.560 20,520 168,030 +o 
Comber noils 15,398 14.8 88,799 16,500 104,197 oath 
Rags 1,057 6.9 14,178 1,811 15,235 as 
Other cotton waste 44,889 10.5 375.515 23.8226 419 404 
Cotton bagging 12,790 602 12,790 
Jute and burlap bagging 64,420 2931 64,420 
Bale ties and buckles $2,728 4&7 42,728 
Rayon and other synthetic ther waste 1,918 17,833 2.160 19,746 
Thread or yarn waste 1.850 10.7 15,371 1,560 17,221 
New rags and clips 63 ».S 2,462 600 2,525 is 
Other waste and refuse 6,219 : 
7 Mill waste, total 90,727 10.7 755,823 75,056 846,550 3 
* Source: Bureau of the Census ‘ 
| 
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rABLE Waster Loss is 
AND Foret 
(huar 
1,000 Ibs 
(Gsross weight of « $666,990 
Bagging and ties 
NET WEIGHT FED 1. 
Cotton waste production 641,984 
Waste capable of be g reworke 413,984 
Bag pickings 
Card strips 
Card fly 
Comber noiis 
Clearer (card and spinning 
Waste capable of being willowed 72,410 
Opener motes $1,304 
Picker motes 13,426 
Dusthouse 11,746 
Sweeps (card 22,245 
Sweeps (spinning 13,6089 
Waste capable of being garnetted 125,814 
Thre id 114,147 
Rags* 11,667 
Waste of no value 
Sweeps (weave O11 
Based on data from both carded ar comb 
Data from Table 
Fiber content of each ¢ le nad fe { 


capable of being will 


the development of markets, 


assi won at 


Data indicate recoverable tber and nonusable 
tile irrived at by multiplying waste | ber « 
All types of thread 
*Allt pe ot rags 


merchandising of 


TABLE IN AVERAGE PERCENTAGES, PICKER 
Waste, FOR AVAILABLE GRADES OF Co 
‘ Med 1 and Li 
hort aple 
Crrack % 
Good 1 Idling 6.4 
Strict i 
Midd 


ree 
trash giver 
ntent percet 


RING' Broken Down tnro Finer Conrent 
N STA s 1948 
aste lo. ( 
‘ 
TOO LOO 
14.24 O78 4.46 
6.97 5.83 1.14 
91.1 
3.48 88.1 3.07 41 
1.52 $6.2 ‘ 67 
1.77 98.4 1.74 03 
16 13 03 
?.§2 
1.14 41.9 is 
% 4.4 3 63 
6 19.6 1 14 
40 16 44 
97 $3.0 65 
»79 14 
OS 0 240 13 
ty 95.0 
66 66 
iste ipable reworked — Shirl \na er waste 
4) waste Capa ted track 
is percentage {th et weight fed i} es for recoverable 
to be reheved of the responsi of waste di posal, 
price for its waste The 


since the market is subject to rapid changes and the 
character of the waste fror imoll may change during 
the life of a contract because of changes in machine 
settings or in the type of stock run 

\ second method of marketing cotton mill waste 1 


through mill-owned corporations. formed 


group of centrally owned mills or by a group of indi 
vidual mills which work together for the purpose of 
handling waste in the same manner as would a con 
tractor. These corporatior et up plants which pro 


the mills assume 


7 
m MANUPAC 
Marrer, | 
W 
q 
: 
fabri 
Shirley Analvzer and tr 
te 
product, storage, and the the nor : 
a mal risks such as credits, claims, rejections and re price offered by the dealet la Waste ¢ itract 18 low, a 
aah pudiations, and fluctuations of price and value AM BY 
these functions are assumed by the dealer when he 
takes the mill’s waste contract. However, in order 
ON 
or 
10.9 ess waste for sale to consumers or dealers 
11.9 Under this system ZZ the responsi a 
w middling 13.1 bilities formerly borne by the waste dealers. but they 
| 
ag 
| 
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also get a higher return for their waste. However, 
the mill-owned corporation plant has not become an 
unportant factor in the marketing of cotton waste 

A third method of selling waste makes use of indi- 
viduals or companies who sell for the mill on a com- 
mission basis The commission agent undertakes to 
sell the mill's output of waste where he can do so most 
advantageously, and he receives a percentage of the 
selling price for his services. By using this system, 
the mill hopes to get a better returm for its waste 
without actually going into the waste business 

The selling of waste on commission was first 
adopted about 1909 by British and Scottish thread 


nulls, and was also put into use by their American 


subsidiaries. Other American mills began selling 
their waste on commission about 1915. Although 


still utilized, the commission method is gradually 


losing favor, for several reasons The ditferences 


in the selling prices of many classifications of waste 
are so small that the agent’s commission ts not ma 
terially increased when he is able to dispose of the 
waste at a slightly higher price. Thus there 1s little 
incentive for the agent to seek a higher price even 
though the added profit to the mill might be fairly 
substantial In addition, although such practices 
are not widespread, there are ways in which the 
commission agent may increase his own profit to the 
detriment of the mill, such as by « unoutlaged sales, 


rebates, and by substituting the mull’s waste on o1 


ders booked by agents on their own account 

Finally, mills which do not wish to go into the 
waste business or sell waste on commission may resort 
to spot selling as a means of getting a greater return 
In this case the mill accumulates its waste until it 
has a considerable quantity, usually a carload, of a 


particular type. This is then sold to the highest bid 


der, usually a dealet \nmll which sells on spot as 
sumes the risk of a falling market, but, conversely, 
stands to gain ona rising market. The mill must also 


] 


store the waste until a sufficient quantity has been 


accumulated Spot selling is not practical for the 


small cotton mill because of the storage problem which 
arises from the longer time required to accumulate 


large amounts of eac 


Waste Grades 


Che waste industry has no uniform system of grades 
such as have been established for raw cotton and for 
linters. Generally speaking, cotton waste 1s classifies 


according to the mull process in which it originates, 
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and in some cases by the type of cotton from which 


1 


itis derived. For example, card strips are subdivided 


into such classifications as Upland strips, Peeler 
strips, and Sak strips. Appraisal of the quality within 
grades is based on color, content of foreign matter, 
character, and staple length.* 

Attempts have been made in the past to reach 
agreement on a uniform system of grades for each of 
the various types of cotton waste, but the complexity 
of the problem and the opposition of certain of the 


industry groups concerned has prevented adop of 
the grading systems proposed. Those not in favor 
ot industry-wide standards say that cotton waste is 
an extremely variable commodity—even mills pro 
ducing the same fabrics from the same cotton will have 
waste with very different characteristics, because they 
use different machine settings and their waste control 
programs are not equally effective. The problem of 
establishing workable grades, already made difficult by 
the large number of cotton varieties, grades, and staple 


lengths used and types of fabrics woven, is thus fur 


ther complicated. Therefore, it 1s claimed, a grading 
system for cotton waste which considered all possible 
variables would be hopelessly complex 


Many mills, on the other hand, feel that they would 
get a better price for their waste if it was sold by 
grade The lack of standard grad 's makes each waste 
transaction an individual matter between the mull and 
the waste dealer. Without grades, a “Waste Ex 
change,” operating on the principles of the Cotton Ex 


changes, would not be possible 


A number of cotton waste standards, which cover 


the requirements for certain specific uses, have been 
set up by Government and private agencies. Among 
the organizations and agencies which have promul 
gated such specifications are: (1) American Hospital 
Association; (2) American Transit Association; (3) 
\ssociation of American Railroads ; (4) National As 
sociation of Waste Material Dealers; (5) Sanitary 
Institute of America; (6) U.S. Government—(a) 
Department of the Army; (>) Department of the 
Navy Director of Procurement 

The specifications which these organizations have 


drawn up are intended for the use of their members 


in purchasing from waste dealers, and are principally 
*The eg i tot tal nh ex] Na 
tron the Ce te t the content ill 
1 waste 
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concerned with thread waste and rags, although some 
other types of waste also are covered 

In general, the specifications for thread waste stip 
the 


noisture, 


ulate of which material the waste shall consist, 


percentage of slasher yarn permissible, the 


tare, and dirt content; and the methods of testing and 


inspection. In its specifications for cotton wiping 
waste, for example, the Government requires that not 


more than 10° of the waste shall be slasher yarn, 


that it shall not contain yarns less than 3 in. long, 
that it shall be led 


icq 
or umabsorbent 


and 


free from shred rags or clips, 


fly 


maxinum tare allowed 1s 


coarse arns, threads, strings, 


sweepings, and dirt 


6%, and a penalty is imposed if the moisture content 


waste Is re jected 


is greater than 7 » moisture or tare content 
exceeds 10°, the 


The 


that new waste for journal-box packing sh 


\ssociation of American Railroads specifies 


all contain 


best-quality cotton cop, warp, spooler, and slasher 


threads in any desired proportion, except that not 


Hard 


slasher threads may be used after “premachining to 


more than 40% shall be soft slasher threads 
remove the size from the threads to an acceptable cle 
gree.” Admixture of shearings, sweepings, shredded 
rags, and the like, is prohibited. The moisture con 


combined oil 


tent must not exceed 7°, and the and 
dirt content may not be greater than 3% 

The specifications for wiping cloths promulgated 
by the Government's Director of Procurement stipu- 


late that cloths for wiping purposes shall be of an ab 


sorbent fabric which shall weigh 


sq. It 


from 2 to 9 oz. per 
1 


vd. Each cloth must have an area of at least 2 


. and no cloth shall be longer than 30 in. or nar 
rower than 10 in 
There 


which 15 grades 


are two Classes of cotton rag 1 


rags, ot 


are currently 1, and new 


recognizes 


rags, of which there are 39 grades -are also 18 


grades ot knitted rags Rags are graded by color, 


type of fabric, size, and amount kind of foreign 


material present. 


The better grades of rags are chiefly used as wiping 
cl ths, « 


which there are 6 grades. Eleven grades of 
rags are suitable for conversion 


les are No 


into wiping cloths 
1 and No. 2 White 
No. 2 Co Wiping 


2 Underwear Wiper, known 


lored 


trade as “gan Specialties in the wiping 


sist of every conceivable kind of new 


remnant and mill end suitable for use as wiping 
cloths, either with or without processing 


O89 


It has been established that the fi unsternthzed 


use ¢ 
infection hazard 
to the 
of the 
the 


States have passed 


stitutes a serious 
be transmitted 
these cloths The 


attempting to 


wiping cloths con 


Communicable diseases may 


workers members 


using 


wiping cloth in raise 


standard of the cloths, and a few 
legislation requiring that all wiping cloths be steri 


Sanitars America has estab 


These 


hzed The Institute of 
lished sterilization standard 


standards stipulate that nm 


scribed as sterilized unless they have been thoroughly 


washed and boiled in a solution containing soap and 
caustic soda and dried at an average temperature of 


more than 212° F. An affidavit to this effect is at 


hal ; clot} 


tached to every bale of wiping cloths sold by members 


of the Sanitary Institute 


The Army and the Navy have developed specifica 


tions for other types of cotton waste. Bleached cellu 


lose prepared from cotton wastes 1s used in the manu 


facture of explosives. The material must be purified 


and thoroughly washed in preparation for nitrating 


The cellulose must have a viscosity of from 4.4 to 36 


poises, when dissolved in 


depending on the grade, 


cuprammonium solution and tested in a fal 
viscometer. 


Specifications for garnetted felt require that Grade 


\, for inner-spring mattresses, shall consist of ma 
terial equal to a felt made from 50° middling f-in 
cotton and 50° Subgrade 2 high linters. Grade B 


felt, for cotton-felt mattresses, must be made from 


garnetted felt of at least the quality of that made from 
25% middling ?-in. cotton and 75° Subgrade 2 high 


The 


standard samples 


linters comparison is made by reference to 


Classified cotton must be rubber, 


leather, 


wastes iree ot 


vool, silk, wood, paper, rayon, and other ex 
Waste of one class must not con 
Colored 


materials are barred from most paper-making rags 


traneous materials 


belongs in any other class 


tain waste which 


The spinnable grades of waste command higher 
prices than the nonspinnable grades. Thus, such 
grades as Sak comber, Peeler comber, card strips, 
white spinner, and spinnable fly bring a higher price 


dusthouse, thread waste, and most rags 


waste prices are quote d 


1048 


price from approximately 12¢ to 24¢ per Ib., depend 


in cents per pound 


spinnable grades of waste ranged in 


ing on grade. The nonspinnable grades sold for from 


q 
cloths shall be de 
ay 
ling sphere 
Price 
ae 14) 
Ap 
ae The wiping cloth gra hs 
Wiping Cloth, No. 1 and oe 
Cloth, and No. 1 and No. than sweeps, 
+ Pax 
aN 
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PABLE \ Prices or Corron Waste py Grab Unirep States, 1940-48 (Cents rer Pounp)* 


.. 1940 1941 1942 1943 1044 1945 1946 1947 1948 Z 


Peeler « tn 7.99 9.2 12.28 11.69 14.43 13.37 16.16 19.21 21.59 a 
Sak comber 7.59 -QOes 11.59 11.29 13.33 13.50 14.21 19.13 20.88 
Pima « bee 7.63 9 79 11.59 11.29 13.33 13.50 14.21 18.63 20.63 
White spinner 10.48 12.92 19.27 16.69 17.25 17.71 19.67 21.42 3.96 
Sa try 10.70 16.40 0.435 18.00 18.00 18.00 19.33 1.58 4.63 
ce: Peeler strip 7.84 944 11.61 10.48 12.84 12.88 4.19 17.44 20 
t pland card strip 7.07 R44 1005 924 10.61 10.95 12.25 14.61 17 
Reworked stry 5.57 6.48 7.08 7.84 7.84 4.96 9.53 12.54 
Colored strip 6.18 64 93 7.67 39 11.50 12.48 12.45 
Peeler vacuum str D 6.50 7.35 11.00 10.00 11.00 1L.00 13.00 14.88 17.00 
Upland vacuur trips 6.65 7.80 RRO 9 434 10.02 10.11 11.81 13.26 14.90 
Card fly 4.22 4.22 4.48 4.37 $.42 6.84 7.07 
Picker mote »19 $33 $95 OR 294 4.66 4.89 
Opener mote 1.59 2.99 1.91 ) 66 2.50 2.64 2.00 4.04 
Dusthouse 1.26 08 1.77 1.62 1.74 1.94 2.28 2.23 2.60 
Clearer 8.75 5.05 5.68 6.28 6.26 7.94 8.08 
Colored clearer »7 +9) 361 $62 5.00 5.33 
Card-room weep 107 > 0 1.62 1.346 1.62 1.86 ) 41 2.80 2.54 
Spinning-room sweey, )) 1.62 1.31 1.17 1.42 1.60 ».29 2.86 2.61 
J Weave-room weep 63 67 72 1.02 1.29 90 75 
Willoweel stock 
White picker 4.69 4.87 4.95 4.97 7 6.80 9.15 9.82 
4 White fh 175 5 @K 6.08 5.92 6.00 6.31 7.51 9.49 10.09 
Dusthouse 1.88 » 39 67 4.16 4.54 4.22 3.96 6.14 
Thread waste 
Soft white single 5.57 5.54 3.85 6.48 7.17 8.53 11.23 12.33 
Soft white pled 09 5.4] 5.9) 6.82 6.94 7.91 11.02 11.49 
Colored 1.33 $58 37) 7.25 7.30 6.96 
Hard singles 4.62 1.5) 1.43 3.65 6.29 8.63 
Balled slasher 7.00 7.96 7.7 O50 10.00 10.00 10.19 11.18 
Oily thread » 48 09 ».24 RS $21 3.54 4.15 4.41 
Rag 
Clean 154 » 78 328 374 7.13 709 
Corea 419 1.79 1.87 18 106 $53 
Miscellaneou 
Bagging $10 15] 379 S05 7.31 
Tu w hole 7 roo 125 1.25 1.25 128 150 
track 
Price leale 
Not {t waste, but cla eda for ce veeps q 
\verage price f \pril of each ve 
| less than 1é per Ib. t mucl l2e per I Phe un rubber, is the most important consideration 1 
price oft t vrace Waste were more fetermining the price nonspinnable waste 
| than double i ‘ cs prewatl Fextile mi tivit ind the waste selling policies 
{| prices For complete ta te prices rm thre orn s attect the price of cott Waste When mills 
period 1940 to 1948, see Table \ re consuming large quantities of cotton, there 1s a 
| 
prices tie le iste il ryt upply ot vaste on the market Lhe converse ts 
though influence y other tactot re re ¢ t true when cotton const ption is low Phe s may 
related to the price « otte t! re the prices « fluence the supply of cotto iste by utilizing it 1 
the nonspmnable gr Phe ince betwee their own products, or by withhol g their waste uw 
ply and or cottor \ te til prices are higher Most regard thie sale o 
petitive product is lintet rayon waste l ever their waste as a me sof reducing raw material costs 
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Dealers have no means ot he ; 2| 
| 
since there is no futures market on which to trace 
Chey profit by buying at a low price and selling at a sai 2 eae 
higher price. If caught with a large inventory on a 
declu ing market, the dealet may sufier severe finat j 
cial losses, since he has no futures contracts to offset 1040-1 
the depreciation of his inventory 
Dealers may influence the supply, and consequently Phe relationship betweet 
the price, of cotton waste by purchasing stock for ex comber nos and middling 
port or by withholding their stock for higher prices in Figure 2. Pr 


Te 
large inventories ot spint ible waste, thus creating 1940-42, but during the w 


extremely high prices in the domestic market for was under a ceiling, while 
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price trends of card 
1942, comber noils were 
; e price of New York spot es 
nin Figure 2, the price of 
| rice of cotton in the perio We 
ar vears the price ot not 
; comber noils, card strips, white spinner, and roving under a ceiling, moved upward. Since the removal of adie 
: Exports would be extremely limited but for the 1] ().P.A. controls, the price of noils has been governed a 
( \ program, because oft the shortage ot dollars ore by foreign and comests cemanad ! tive 
the principal Waste-consuming countries price of cotton es 
a Phe consumer of waste may influence prices. If he The price trend for good ordinary '),-in. cottor mys 
aa can sel products mace entirely or partly Ol waste as compared W th that for plat car rips is shows (ae 
q will enter the market to buy. The reverse is true if in Figure 3. These products were chosen for com Tasty 
files he cannot dispose of his product at a profit. If com parison because they ¢ ete in many end uses anc ae 
Us petitive materials, su h as low-grade cotton, linters are used interchangea depending on which is the ae 
aa or other fibers, are better in quahty or lower in price cheaper at a particuwar tine For example, in 1940 ee? 
wold he will use them as raw material for his product 1 and in part of 1947 and 1948 use of good ordinary | anne 
oe stead of cotton waste cotton in blends of raw stock for spinning purpose AP steam 
ones 
ate 
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GRADE #2 LINTERS 
WHITE UNDUSTED FLY 
Heston 
DIRTY WHITE FLY 
4 
Ww te 
‘ ‘ ' 
ih 
\ 
A 
\ | _/ 
Wty. 
V 
142 1946 1948 1950 
bu Relationship betwee price trend f card 
f vaste and Grade 2 linters, United States, 1940-1954 


cheaper than use of card strip 
Usually, however, care try are che per thar good 
ordinary cotton 
two raw materials used in the manutacture ot 
mattress telit card fly ar (Gsrade 2 lintetr it be 
ag een from Figure 4 that white undusted fly normally 
Lg ells at a lower price 


Comber wa 


Other waste 


Hard wa 


rt 


Card stry 
( ‘ 
Other waste 


TABLE ann IMs 


MIS OF 


1949 1940 1941 194? 
1.000 1 1.000 
1} Ih, 
79 414 5909 NIG 16.107 
72.174 490 406 
1) 460 919 
160 11.596 0.753 
7,140 14,1938 724 5.902 
17 00) $4,495 7.354 
16.806 $3743 6.129 
$04 177 
12.872 ROO 1.04 5,708 
196 643 1 1.225 
i t the Ce 
h ecard 
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rts and Imports 


States into World 


War II, the country exported more cotton waste than 


Prior to the entry of the United 


it impor_ed, but during 1948 imports exceeded exports 


by 17,000,000 Ths During 1948, exports of soft waste 


were approximately one-half of the 1939 


amount, 


whereas soft waste imports in that 


as in 1939 


ear were nearly 


four times as great Hard waste exports 
exceeded imports every year since 1939 except 1945 


\bout 18° 


were exported, whereas card 


of the comber noils produced in 1948 


strip and hard waste 


Ne portion of the total produc 


1 


exports were a neg 
tion. Quantities exported and imported, by 


Table VI 


chief countries to which cotton 


types, 
are detailed in 
The 


porte 


Waste Was ¢X 
Union of South Af 


a, and Belgium, each importing over 1,000, 


were Canada, Germany, 


rica, Cu 


000 Ibs. from the United States during 1948. The 
United States imported, for the same vear, 1,000,000 
Ibs. or more from each of the countries India, China, 
Brazil, Russia, Belgium, France, Italv. Argentina, 


In end uses m which spinning is necessary, cotton 
Waste competes with low grades of cotton, cotton 
linters, rayon at 1 ravon waste, and wool and wool 

Corron Waste, Untrrep Srates, 1939-48* 
1944 1944 1945 1946 1947 1948 

1.000 1 1.000 1.000 1.000 1,000 

Ibs Ibs Ibs Ibs Ibs 

7 , 789 728 6,449 26,887 51,422 $3,466 
18.971 19.430 3.037 17,947 39 O48 36,854 
rol 1.341 970 1011 710 
99% > 128 697 6,145 11,812 14,658 
5.961 > 117 10.83) 26,222 486 
RIS 5.298 3412 & 940 12.377 6.612 
5.180 54.230 117.883 65,470 61,827 
1,444 807 110,826 64,374 60,217 
65 1,014 961 2,774 
34 x0) 109 
1356 747 4? 679 106 098 63.331 $7.33 

1374 10.508 7.087 1,096 1,610 
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waste, in the form of yarn, fabric, twine, and cordage 
Where spinning is not necessary, cotton waste con 
petes with low grades of cotton, cotton linters, rayor 
and rayon waste, wool waste, nylon waste, vegetable 
] 


fibers, asbest Ss, 


ers, wood pulp, foam rubber, 


and numerous other materials in such end uses as 


ass 


felts, padding, wadding, stuffing, nonwoven fabrics, 


nsulation, absorbent cotton, filters, wiping waste, 
journal-box packing, filler in plastic molding com 


ounds, paper, and ravon manufacture. 
pa} 

The consumer of cotton waste may be influenced 
to use other raw materials by one or all ot three 
factors: price, quantity available, and relative suit 
ability. Of these, price is the most important consid 


eration. If the price of domestic waste is too high, 


buy imported waste, un 


manufacturers will 
not available, in which case they will use cheaper 
substitutes where possible 

The availability in quantity of a particular grade 
of waste is the second consideration. lf the desired 
grade is not available in sufficient quantity, the man 
ufacturer will use a competitive material which is in 
ample supply The availability of cotton waste at 
a particular time is governed by several factors: the 
consumption of cotton in textile mills; imports; the 
stock held by dealers, mills, and consumers ; exports ; 
and the amount used in mills where it is produced 
The influence of the first four factors 1s obvious 
Whether or not a mill reworks its own waste de 
pends on the type of product made, and on the prices 
of waste, cotton, and its finished product. When the 
mill can obtain a high price for its varn and fabric, 
spinnable waste may be sold; but as yarn and fabric 
prices decrease, the desirability of reworking spin 
nable waste increases 

Obviously, competitive products may be chosen 
instead of cotton waste when their properties are 


more suitable for a particular end use. The com 


petitors will be discussed separate ly 

1. Cotton The spinnable grades of cotton waste, 
particularly card strips, comber noils, a e better 
grades of fly, which comprise about of the 


total cotton waste, are competitive with raw cotton 
They are used either alone or in blends with cotton 
to proe uce a wi 
varns and fabrics, such as osnaburg, waste duck, 
blankets, gauze 
varns, and carpet varns 


It is estimated that 157,000,000 Ibs. of card strips 


and 80,000,000 Ibs. of comber noils were produced 


I 


tion was used in the mill where it was produced 
\llowing for the amount exported and for substan 
tial imports, it is estimated that 159,000,000 Ibs. of 
card strips and 63,000,000 Ibs. of comber noils were 
consumed in yarns and fabrics, where they competed 
directly with raw cotton The nonspinnable grades, 
is well is card Strips i d tiv, compete with raw cot 


ton in the production of batting, wadding, and mat 


tress felts Phe extent of this competition is shown 
in Table VII 

2. Cotton Linters Phere are 7 grades of linters 
(srades l to 1 compete with « ird strips, comber noils, 

white picker, and fy tor use in the production of 
mattresses, padding, upholstery, surgical dressings, 
absorbent cotton, and, as blends with cotton, in low 


Che present high prices of 
ps and noils, however, preclude their being used 
interchangeably with linters in lower-grade prod 
ucts. Grades 5 to 7 are used principally as raw ma 


terial for chemical cellulose, an outlet in which cot 

ton waste has never effectively competed 
Information showing the relative consumption of 

linters and waste 1s not available; but the estimated 


and mn 


consumption, man 


mber of uses, of was 


ter combined Is piven in Table IX 


Both viscose and acetate rayon 
hl 


ith cotton waste to pro 


duce woven and nonwoven fabrics, where they com 


TABLE VII. PapoinG ano Urnoisrery 


PrRopuctiION AND VaLur, 1947* 


Value 


fio.b 
Quantity plant 
1.000 Ih $1,000 
Paddings and upholstery tilling, total S08 O17 110,293 
\utomotive and other pad il, ete 0,415 $2,799 
Cotton batting, wadding and mattre 
felts 147 5? 461 
Made from raw cotton 39.450 457 
Made from ‘ 5.516 1,509 
Made fr cotton waste 65,438 16,619 
Made from linters and waste mixed 137,594 5.776 
Upl tery filling 32,502 1770 
Curled hair 15,598 7,108 
Other 16,904 2.002 
Other padding and upholstery filling 19,102 5,463 
* Source: Bureau of the Censu 
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j in this country in 1948 \bout 15% of this produc ‘age 
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| ‘ { com n ition mace 1 ind cotton Waste 
Rayor juaiity | ts for use nwoven fabrics must compete with numerous materials, both organic 
ire it tra pare eT ind leve ave nd noryvanic in nelude rock woo 
| 
ng propertie the test | ides lt vlass, hair fiber powdered d itomaceous earth. cork 
widition, é etate ravor thermoplastic, it car vood-pulp sheets, gypsum, and fibers such as kapok, 
be used t t tiles t ether, ¢ iting tl eelgra 5, flax, jute, asbestos, ar sugar ¢ DAP ASSE 
ne cr the 1 hicl ect ' th cott \s a filler in plastic molding compounds, cotton 
waste competes with asbestos, cocoanut shell, corn 
Rayon staple also competes with cotton waste cob flour, diatomaceous earth, glass, keratin, lignin, 
cotton in the plastu riclustt isa filler im mold linters, macerated fabric and cord, n nylon, paper, 
a pulp, rayon, sisal, walnut-shell flour, and wood flour 
‘ 
Faia n Waste Rayon waste and cotton waste Cotton waste competes with hemp and hemp waste 
= compete in nonwoven fabrics and m blends with — in the form of oakum for boat caulking and propeller 
| for producing knitting yaras and yarns for use shaft packing. Hemp and also jute and the hard vege 
blanketing Both are also used as ‘fillers in plasti table fibers are competitors of cotton waste in the 
| ding compound p! Mluction of cordage and twine 
Kayon rags and threads are macerated into flock, 
7 which « petes with flock recovered from wool and 
= | cotton hard waste Klock « he blow e cust d, or Cotton waste 1s utilized by several different type 5 


pplied by electrostatic methods to fabrics, paper, of processors. Waste dealers buy stock from the 
3 pla ti or other | keround ty ive decorative l. clean it, and sell it at a highe r price Other 


s effect processors willow or garnett on a commission basis, 


i Lu and WW" Haste Wool is blended witl never gaining title to the stock. Some textile mills 


cotton waste to produce mixed yarns, which serve and other consumers do the complete job of proc 
i or fleece ndet cat t overcoating Cs 
Phe r used euing ind The spinning of yarn entirely from waste has 


knit product Wool waste is used alone or in blends never developed in the United States to the extent 


vith cotton waste in telts, wadding, upholstery hil that it has in England and on the Continent. There 
filter ral jpournal-be packing diversified and 
Rubber.-In recent years | rubber arns for use in 
ha ile substantial gains in the upholstery, furm ing, and a host 
ture il 11 ttress tr le where it ha d places elt 
race tf cotton, cotton waste linter and 1 ture ‘ cotton waste 1s 
these \ecordi to the Rubber Mar cturer nd other fibers ; 
\ssociation of America, 25,000 tons of laud latex, nonspinnable waste 1s cleaned and, if necessary, gar 
of which foam rubber mad vere 1 to mat netted before processing into felts, wadding, and 
facturers in LOR This is nearly double the 104 similar products. Table VIIL presents statistics on 
total of 14,000 tos Census statistics show that i the quantity and value of total shipments and inter 
1947, 34,0000 mattresse were manufactured fron plant transfers of cotton and other tvpes of waste : 
m rubber, 4,100,000 used im upholstery 


S 


ly reprocess in order to 


petes in felts and uy with iute. hemp re 1 wast 
| ! er, curt Taw eT 
evera the The qua ‘ pose ¢ thre 
ture of upl Ister tutti | ! re he 1 comb to the | 
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Cther ( mips fateriais It te 
e percentage, and hence, in ettect, 
" 
cost Mills which spin relativels 
TeEwork cara strips once, ana 
2 strips as waste Flat strips are 
ced continuously by moving the flat 
of the card, so that the strips tall ct 
et 
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yen ot practi with fine goods, but seems 
to satistactory im the roduction ot coarse 
1 
eoods 
Comber noils are most often used in this country 
1 sw Taw cot Inice pr CESS y reduces 
spinnability, it has been found impracticable to use 
more th il of blend Poday, many 
mills which normally use notls are using low-grac 
cotton mn its place hecause the price low -grace 
| hand before the waste is cleaned 
cotton is lower than that of comber noils Usually ind hetore the waste ts cleaned 
this price relationship is the revers: Cotton waste which has been compressed in the 
“J hale must be opened hefore cleaning For sott waste 
4 Cleaning Cotton Waste this is done in a mixing picker, which opens the stock 
Practically all cotton waste contains foreign mat and removes the heavier tras! Mhis machine con 
ter which must be removed before further processing . of a feed apron, teed Touts, i cviinder fitted 
wort ac oft ¢ +} chers 
The content of dirt, leaf, motes, and other extraneous with oe as He cr picxes > 
vhere stock 
material ranges from about & for card Strips to as he wim se 
The stock next 1 es throucl 
as 60 for opener and picker motes, the bal ‘ : 
1 does a mre thor clear Phe ( ler-tvpe wi 
ance of great variation in staple 
w, now little ust COTISISTS LTeVoIVing ¢ rc. W t} 
intermittently driven feed rollers, which permits leavy 
PABLE VIL Processep Waste AND RECOVERED Fipers ing the cotton in the machine for any predetermined 
Q47* 
UNITED AT! 1947 length of time Phe newer-type willow is continuou 
: iz il shipment nad In operat nd contal i picker beater where the 
nterplant transte tock enters the machine TY cottor te j 
Value 
tumbled bout the \ vhere it further 
plan opener Che dirt and trash remove re taken 
1.000 | 000 the chine h ere conveyor! \ A ow of the 
Processed e and recovered fiber latest type hown im | ure 5 A 6 
total 354.888 57.006 
Fiber recovered f own mate 66.095 14.161 nel r double dri cetling condenser which re 
New w CUPS at . ! es dirt and dust b I on Phe vertica 
reprocessed 12,261 $384 
Old wool 1 reused 12.244 3011 trun f the condenser ofte ntais 
n clips and 11,461 og ing tramp iret \fter lea 
Other clings at rag 40.129 $544 
i the stock 1 be dropped into a truck. or may he 
Processed mill waste except tiber ‘ rried by air suction or convevor belt to the me 
recovered from clips and rag 142,319 1) O65 
proce 
otton 162.211 15.258 ro 15 to OO of the stock fed is removed j 
041 ‘ 
WW 17,76 1 the proce of cleaning 1} vaste | 1 termed 
Ravon 6.729 1.655 2 
Othe $5,612 5.641 rinkage Some types ot waste, such as floc 
veeps, contain oil: and | Ilding kaolin (a cl 
Flock 440 410 
il orl the oil) to the tock prior to cle 
Ra 45] 1.514 h of the hie ren ~ t] t] 
Other 8,979 896 leaf, and dust he delivered stock is brighter t! 
material wned t he 4.739 In cleaning hout 35 try of) hrinl e occur 
Oakum 12.30 1 
when or ne 1745 ‘ 
\ll her proce were 1 t vhen 
7316 essing floor sweet he cost ta 
11 
* Source: Bure f the Ce py/2¢ per ib 
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mv, showing feed. (Courtesy 


Proctor & Schwartz, Inc.) 


which is too hard for th WN pt ker to 


he handled in machines of avier, more 


rugged construction Stock ts includes 


controll d 


dependent ny 


pe of process 


These lumps are 1 ly returned 


ither by the lumper pick or the 
The tearnaught 
struction 


wornett 
ALP TIOU 


1 ot 


picker does 
! 

i large cvlinder 


cConyune 


e with a picker 


are covered with 


| | 
| Res 
| 4 thre ul Waste, Tags, al Clips al d ore yroient action 
I: needed to convert these materials to ther The fe 
Pickers Several types of pickers are used for 
| j opening hard waste These operate on the THT Fic. 6. Photograph of x me with top removed to : 
prin ple as the mixing picker, but are of heavier SHOU ate? (Courtesy Proctor & Schwartz. Inc.) 
i: construction and work the stock more thoroughly 
Phe type of picker used iy GEE by the position of a “bit-board 
y ness of the waste and on the ty a the feed rolls and the main cylinder : 
to follow picking lor repicking, 
4 For varn in which there is not too much twist, the ‘rag picker an 
yarn waste pick er 1 oolte list | Wil rectice nediate im Hts cor 
q cotton varn waste to fiber suitable for garnetting or the picker and the yi." 
| 4 carding The average output of this machine is gm. Originally designed as an opener for cotted s 
f ‘ about LOO Ths. per hr Heece wools, it has been found to be capable of rough ae 
y The rag or waste picker will open cotton rags and — carding cotton waste, doing a more thorcmsagd “i 
clips and convert them into what is known as pick opening and blending than the mixit Bit 
ered stock for subsequent processing on garnetting The te rwnaught picker is essentially 
and carding machines Phe stock 1s sometimes used covered with metallic clothing, working —_ a 
\ as it comes trom the rag picker for stuffing purposes tion with a series of smaller rollers known as work 1! 
. | The production tro eotton rags of a 17 in picker ers The ( wnbined action of the two separates all a 
ranges from 60 to 75 Ths. per hr tangled or matted bunches of wastes, and blends the = 
: Phe lumper picker, in addition to its opening fun stock thoroughly ang 
mit tion, is used for removing lumps or bits of unopened >. Shredders~—Shredding machines are used for : 
material tron pickered tock coming frot the rag opening waste materials wher vreat leoree of 
na | | va LeTla Wi re a preater aegree ol 
by centrifugal toree, the eof the lumps discharged The cylinders of these machines 
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heavy metaliic wiring 


the feed rolls, followed by a rough carding 


from several set 

Rag s] redders 
convert into thread waste 
f as hosiery waste 
turkish toweling 
shredd 
They are placed iW 


fed from its predecessor and is covered 


1 


Hard waste breakers are 

for finer types of work, such 

lar lightweight materials 

inders of these machines is finer than 

shredder They are often 

ers before garnetting, since they preserve the staple 


of the stock to a greater degree, require less power, 


and will process larger quantities of waste at a lower process ot 


11 


labor cost than is possible with pickers 
Garnetts——The garnett used for opening 
re spects 

picker or sh * garnet nilar I vari and Gi Vinig always isabl 
shredder 
evlinders, 
strippers ; a fancy roll; and 
similar to that of a 


severe, since the various rolls are covered with gar 


nett wire instead of card clothing The shrinkage 


in garnetting about 50% to 8% the stock fed, 


garnett in 
portant 
Usually 


breaker Ci where 


frequently of the worker and blend 
this particular the carding of 


woolen cara 
worker and stripper type 


] Che fi: 


bed 
garnett 


convevor to build 


oy 
697 
“2 
picking action is given at ire often found on cotton waste cards These im 
4 neration inde metallic hie t< nening of stocl 
clude metalhe breasts tor better opening of stock, a 
‘ rs faney roll and dofter dickey for raising the stock to a 
a, ely used in plants which the surface of the wire, and a conveyor, usually of ofene 
such relatively open-weave the camel-hback tvpe, tor carrying the stock trom the 
s , hetting, ginghams, and breaker card to the finisher card Tams 
= 
t heavier rags, a breaker Cotton waste cards are usually designed with Rf 
inisher shredders are used closed-in construction to minimize dust and fly waste, Bea 
ify 1; each successive machine ind both standard card clothing and metallic cloth Catan ate 
wire Che delivery trom tne finisher card may be on the 
woolen system, using either ring dofters or a 
At condenser, or the wel may be condensed as sliver, hee 
usually using 4 couilers 
4 
Spurmming 
The system of double carding for cotton waste 
| ing. and there is usually onl n 
between the cards and the spmning 
has roll 
close & 
It is 
wast 
is 
| 
1 
Batting and Felt—A cotton waste card 
ce and the processing cost is about 3¢ per Ib manufacture of cotton batting or felt, absorbent cot i: 
ton, wadding, and similar products from variou 
Haste 
ae Waste Carding kinds of soft cotton waste However, the card ha Bae 
making batts 
Irpo 
variou toch 
Ing 
nad 
ied hiet reasons for using the then to a willow, where further cleaning and blending Ale 
of card are twofold take place Krom the willow the stock is conveyed 
4 Eee card is unable to work cor to the hoppers which feed the garnett \fter gar ae 
» tinuously on material of very short staple length, of netting, the carded webs @ metogether and the hoe 
M, on material which is particularly dirty, matted, of lappers at the end of pe move back and ue “a 
e neppy, because the flat wire becomes choked with forth over a cross Hi up a finshed “} 
‘ fly and dirt hatt of the designed width and thickne Multiple Riad 
2. The worker and stripper « ird is capable of pro webs, having been built up to provide a batt of the dhe 
dueing slivers of gre iter fullness at recovering power correct thickne are compres ed, cut, ind folded te 
\ttachments which are sta ird on woolen cards orm the final batt veg 
| 


The production on the latest type of batt-making 
equipment 1 ibout 375 $50 Ibs. | irly, lor avet 
we-run mattre 

Wiping Waste Waste for ping machines 
ind for pack your cs rail iv CATs Is 
! idle trom mumerous typ ‘ ttire d iste 
! vaste bobbin waste cop bottor is, arn Wiste 
from the winding, creeling, and weaving processes 
ire all utilized tor these purpose 

The machine used for processing this waste 1 

1 

known as a waste puller at resembles an ordinary 


built. In operation, the different types of stock are 
laid out on the feed ipron which delivers the waste 
to the feed roll vhere it is taken by the ¢ lintler 
Phe eylinder carries it past 7 worker nd strippers 
the function of which is to open and straighten out 
the tangles and lump \ dothng roll removes the 
tock from the evlinder and a pair of heavy delivery 
rolls take at from the doffer in the form of a fleece 
vhich 4 yound on i mandrel by mea ( t pair ot 
winding drums and made up into rolls ready for 
bahne 


of cotton waste consumed im ost of its end uses, but 
the estimated consut ption, tor 19406, of 
eotton waste and linters combined is given for some 


of the more important industries which use these 


products as raw materia 


il end use r variou yrades Of cotton 
Waste are giver n outline torm Palle \ It st 
ol the e uses, cotton w te mav le pr “re ed ¢ ther 
alone or it) i blet | with raw eott ters, or other 
tibet Wiiste 

Analysis of Cotton Waste 

com irative contents of tiber and ot toreign 
miatter in cott \ te are { vital interest to ill ch 
cerned hes | nterested in keeping to a mn 

tive unit t 1 ihle fiber remove with the 
Trieste le it tra while the te le nd 
the cor nterested im ki Wing the amount 
of foreign matter which thev are purchasing witl 
their waste Phe ( t ly striving to keep 

fibers tr re ‘ vaste t the 

time, staple length 1s a deter tor in the use 
to which ¢ Waste ma ( J eal or col 


TABLE IN 
Waste AND Linters sy 
Untrep States, 1946* 


CONSUMPTION REOUIREMENTS OF CoTTroN 


Industr 
Chemical (rayon, paper, munitions 375 
Bedding 40) 
Furniture and upholstet 200 


\utomotive batts 175 
Waste spinning 


Strips 

Comber noils 0 
Miscellaneous (absorbent cotton, toys, wadding 

100 

ind packing waste (threads and rags 30 

Grand total 1,380 


tailed study of the fiber-foreign matter ratio and of 
| th measurements of typical cotton wastes 
There is also considerable interest in the pature 
ind extent of the damage which occurs to the cotton 
fiber during the combing process, and the results ot 
an investigation of that problem are given here 


\ 
Foreign Matte 


provides an effective means tor quantitative and qual 


itative analyses ot toreign matter in cotton 


sott cotton waste \ pl tograph of the machine ts 
hown' in Figure 7 and a schemat 
ure & It consists of a feed table n 
by ‘ ur blast. and condenser Cotton waste is ted 
lowly to the licker-in, and as the iste is broken up 
the air stream carries the hint and light dust around 
the of i flow pl te 1 | mp the condenser 
t ini xtremely short fibers pass 
throu les of the condenser nd are collected 
na fabric bag over the air exhaust outlet The re 
maining clean lint is deposited on the condenser and 
qd mito i lint-colleeting chat Trash ind 
ther hea particles ire separate out of the an 
tre eravits nd crt Into bel \ 
ng these fractions, the composition of 
the waste can be determined 

Shirley Analyzer tests were made on 147 samples 
hich were btained fr various textile mills, waste 
le lers, nd vaste processors if Nort ( irol na, 
South Carolina, and Georgia The soft wastes 
tested included card strips, card flv, vacuum strips, 


€ 
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Ouantit 
Juan 
bs 
: 
| worker and stripper card but is much more strongly ee : 
* From trade sources eh 

J 

q q 

4 

Utilization of Cotton Waste Analyzer 

No official data are available as to the quantities Phe Shirley Analyzer, a laboratory machine devel ae 

4 oped at the Shirley Institute, Manchester, England, 4 

4 i 

4 

& 

: 

{| | | | 


OcToser, 1950 
TABLE X TyeicaL EXD Uses or Corron Was BY GRADES 
Grace End uses (reworked End uses (1 Coract End uses (reworked 
Comber noil Felts Cleare 
Wadding 
= fen Padding 
yeu Cofthn q lung 
\l bent cot 
Nonwove il Card sweeps Blended in cotton 
Wrapping twine wool 4 
Seat-cover fabric Coarse cordage, twine ma itresses, pillow 
Blends, woolen \uto seat padd ny 
blankets Plastic filers or 
Outside bandage carriers 
Rooting paper 
Card str ps Carpet be sa toile ne sweeps Coarse varn Mattress, pillow 
Mop Mattress, uphol Mop yarns stuffing 
Sash cord ‘ ir \uto seat padding 
Clothesline Batts tor bleacher Shoddy 
Wrapping twine traci Machine wiping 
() iburg tal | it waste 
Lobacco shade clott Ouilting Journal-box packing 
Waddit Roofing paper 
Padding 
filters Weave weep Root ng paper, w all 
Stufhng board 
} Ider pa 
‘ Soft threads Shodd Shoda 
forter Wool yarn blend Padding 4 
Osnaburge tabru Felts 
Card fl Mop yarn Felts, automobik Duck fabri \bsorbent cotton iS 
( oarse la 1 re iphol oarse cord ‘ Wadding 
twine ery track twine 
Stuffing, tovs, Mop rn Onl tilter 
Ider pads | paper 
pillows, con Machinery wiping 
torter Waste 
Journal-box packing 
Vac () vy tabrnu Felt 
Pillow stuff Hard thread Shodd Shodd 
Padding hawe Paper 
Bleached { mop rt \bsorbent « ton 
Padding 
Flat p Coarse cordage be Fel 
twine Pillow stuffing 
Journal-box packing 
Reworked striy Coarse « laye ke Machine wiping 
twu waste 
Onl tilter 
M Mop yarn Fe 
Paper 
Dusthouse be Machine wiping 
cloth 
Sh wid 
Vulcanized tiber 
Baggit Reused rewove Padding, stuffing 
Bale t Scrap metal 
Hard and va ed 


‘ 
x 
2 
ap 
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Fic. 7. Photograph of Shirley Analyzer 


(Courtesy Atkinson, Haserick & Co.) 


picker motes, opener motes, bagging pickings, clearer, 
chusthouse, flat strips, reworked strips, and comber 
noils, which are the only grade: that can be cleaned 
by the Shirley Analyzer ( 


sweeps, spinning Tootm sweeps, weave-roon sweeps, 


Such grades as card-room 


and soft threads cannot be fed to the Shirley Anal 


yzer because they contain oil, grease, 


metal, bits ot 
wood, paper, ete. Hard waste, such as hard threads 
and rags, also cannot be processed in the Shirley 
Analyzer 

Che grade and staple of the raw cotton from which 
the waste samples were secured were known for the 
samples from the cotton mills, but were not known for 
the samples from the waste trade; thus the results 
are given in separate tables Keeoverable fiber, 
waste chamber droppings, and exhaust waste are 
given as percentages of the stock fed (4 0z., or 1,750 
grains). Table XI presents the result 
for waste samples obtained from cotton mulls, and 
Table XI for waste samples trom the waste dealers 
and proce ssors 


Gravimetric Analysis 


In addition to the mechanical separation described 


above, a procedure for the gravimetric determination 
of foreign matter in cellulose fibers has been devised 
In this method a sample of tiber which contains for 
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au 
stetse 


Plate 


Of Livter pox roe 
corres 
cece 
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Schematic drawing of the Shirley Analyzer. 


ral 
(Courtesy Atkinson, Haserick & Co.) 


eign matter is heated at 115°C for 1% hrs. in a porous 
pot. The sample is then forced through a coarse sieve 
and subsequently brushed through a U. S. No. 50 
sieve. The residue on the 50-mesh sieve is weighed 
and the value is expressed as a percentage of the orig 
inal weight. A reproducibility corresponding to a 
maximum standard deviation of 0.1% is claimed 
Only foreign matter that is too coarse to pass a 50 
mesh sieve is recovered, and no corrections for mois 


ture vaniation are made 
Determination of Staple Length by Suter-Webb 
Array 
Further tests have been made to determine the ap 


proximate staple length of each grade of waste, using 


the Suter-Webb fiber sorter, which is shown in Fig 


ure 9 \ representative 75-mg. sample of cotton 
waste is parallelized through a series of combs, where 


the fibers are separated and arraved 


according to 
length. The ditferent length groups, at 1<¢-in. inter 


vals, are measured and weighed for three length ar 


rays, and the averages obtained are reported for the 


upper quartile length, the mean length, and the co 


efficient of variation. The upper quartile length, i1 


inches, is the average length of the longest 25° of 


the fibers in the sample. The mean length, in inches, 
is the average length of all the fibers in the sample, 
(Class 


er’s length is approximately equal to 1.08 multiplied 


as determined from the wetight-length data. 


by the mean length). The coefficient of variation, in 
percent, indicates the degree of uniformity or irregu- 
larity of the fiber lengths; the smaller this value, the 
more uniform is the cotton waste with respect to fiber 


ength, and vice versa 


| |: 
| | 
q 
| 
| | | 
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XI. 


M }}-in 
Mi 
M1 
M 1 
M1 
M1 
M1 
M1 
M1 
M 1; 
SM 1 44-in 
SM 1 
SM 14-in 


Karnak 14-1 


M 1,4-in 


Nl i5 
Mi 

M1 

M1 
Mi; 

M 1 
M1 

M1 

M 1,4)-in 
M i 
M 1 
SM 1 
SM 1 ¢)-in 
SM h-in 
Karnak 14 


M 1 


0z., or 1,750 gr 
? Cleaned fiber « 
Mostly vegeta! 
‘Dust 


‘ 


ind extrem 


Tests on Corron Wastt 
Finer Deviverep, Waste CHamarr Drorrincs, AND Exuaust Wastt 


RECOVERABLI 


9? 4 


O45 


WASTI 


9 5 


\nalyzer 


FROM Mitts Grvinc Stock Fep AND RECOVERABLE 


AS A PERCENTAGE OF Srock Fep 


FIBER DELIVERED 


Reworked Comber 


- 


4 


niw OE 
“as 


< 


Ss 
ww 


n 


~ 


DROPPINGS 


1 
ihe 
| 
} 
Cotton Card Card Vacuum Picker Opener Bagging Dust Pat 
; Mill used strips fly strips motes motes pickings Clearer house strips strips noils a 
3 i Meo} }-in 72 0 $4.6 86.6 9 7 321 
ile 2 M 91.7 55.2 29.5 87.0 9 35 78.9 
3 M 1-in. 23.4 O45 60 
4 M 1 y5-in 85.5 17.6 44.1 50 
4 5 M 1 4-in 91.7 $3.9 87 00.0 63 
6 M 1 4y-in 90.3 62.1 26.7 93.7 33 
i M 1 gh-in 92.2 643 19.5 27.9 00.3 66.4 
M 1 ¥y-in 89.4 19.0 419.0 72.7 
10 M 1 80.0 4 43.9 191 422 
11 M 27.3 34.2 45.2 83.7 16.9 81.7 84.7 
12 SM 60.1 32.1 90.4 09.4 
13 SM 1 91.5 58.0 19.0 81.5 99 3 
14 SM 1}-in 86.9 55.8 423 O15 O78 
i} Karnak 1}-in 95.6 $7.7 16.2 89.4 on | ae 
15 M 1\4-in 19.0 = 89.8 01 3 
1 15.9 32.2 19 50.7 18 27.7 
2 64 33.0 59.) 06 74 144 
3 7.5 42.1 71.3 2.7 1.0 14.2 i. 
wer 
9? 38.5 58.9 1.7 64 
5 69 33.9 12.7 70 1.7 70 Sie 
6 10.6 66.9 41 17.9 
‘ 4.5 24.7 45.2 63.7 51 1.8 12.0 
8 99 55.8 7 9.3 
9 6 42.6 47.1 9 20.3 
| 3 16.1 $3.7 75.0 $4 20.5 
il 67.9 5.3 60.3 50.7 1.7 36.0 114 9? 
12 1.9 9 61.9 6 
13 6.3 9.6 76.3 14 
14 11.9 32.9 10.7 5 | ie 
0.7 81.5 ‘ 
15 38.6 3.3 60.2 6 334 64 
‘ 
EXHAUST WASTE (% 
4 1 12.1 13.2 = 12.4 15.8 40.2 1 
2 1.9 11.8 11.3 34 5.2 57.0 70 pe 
78 53 29 134 
53 13.9 34.1 19.8 $3.5 
5 14 12.2 36 +0 19.5 29.3 
6 0 7.3 64 7 14.4 18.6 
7 3.3 11.0 5.3 1.6 226 
x 31 6.7 94 4.0 
9 4 14.4 70 
10 3.7 14.5 2.5 3.9 214 28.3 Pa 
1 49 23 5.5 14.6 17.1 69 6.1 
1? 31 104 321 90 2 | bed 
14 1.3 11.3 17.0 7.9 14 
n 5 16 »? 99 10 
15 12.4 2.3 2.3 27.4 13 13 
R 
tins, fed to Shirley 
ivered by Shirley Analyzer 
o matter such as motes, neps, stem, et RS 
el short fibers: includes invisible waste 
aus 


— {! 
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Axatyzer on Corton Waste! tHe Waste Givinc Srock Frep' as 100°, anno 


Detiverep, Waste Droppings, AND WASTE AS A PERCENTAGE OF THE STOCK Frep 


(srade and Kecoverable chamber Exhaust Grade and Recoverable chamber Exhaust 
compan dropping waste* company hber* dropping waste 
Card Picker motes 
Company A 81.9 11.4 67 Company \ 646 16 
S14 10.3 $4.5 sO 47 
93,2 +5 »3 17.6 72.9 9.5 
Company B ow 7.6 19 Company ¢ 38.7 19.8 11.5 
73.7 18.6 7.7 Company D 38) 58.9 29 
Company 91.3 64 »4 63.0 10 
92.9 19 Company | 50.1 17.6 & 
Company D 944 5.9 7 
56.6 10.8 26 Opener mote 
790 11.6 94 Company A 7.8 : 65.0 7.2 
Company | 4.2 +6 & 50.4 | 
54 18 
Clearer 
Card fly 
Company ¢ 80.2 1.1 18.7 
Company A $8.2 $5.5 63 Company D 70.9 6.2 22.9 
$8.1 54.4 Company 87.8 4.2 8.0 
8 41.5 
Company B 63.8 29.5 67 
1.2 19.1 Company B $6.7 16.8 26.5 
Company 70.6 17.8 11.6 Company D 414 2.6 66.0 
{ npany 41.9 1.7 Company | 63.1 2.7 14.2 
12.4 
Company 66.2 Reworked strips 
. Vacuum strip Company B 74.6 11.4 14.0 
j 
Company O02 5.3 4.5 Comber noil 
Company ¢ 94.4 1.9 17 is 
Company D 88.0 7.0 4.1 Company B 98.4 1.4 
90.6 »g 6.5 Company 98.5 3 1.2 
Company | 87.5 74 5.1 Company D 98.1 


' Grade and staple of cotton from which waste was derived not known, 
* Waste dealers and processors 

'4ooz., or 1,750 grains, fed to Shirk \nalyzer 
‘Cleaned tiber delivered by Shirley \nalyzer 


Mostly vewetable matter such as motes, n 


yp 1, ete 
* Dust and extremely short tiber includes invisible waste 
\rrays were made of card strips, card fly, picker to 1% in. Staple lengths for the different grades of : | 
motes, opener motes, bagging pickings, clearer, flat waste are given in Table XIII on 
strips, comber notls, and reworked strips.. All of these Bagging pickings had the best uniformity Sucl 
samples were received directly from the mills where grades as card strips, picker motes, and flat strips had 
i the waste was produced \rravs were not made or better uniformity than reworked strips, opener motes : 
4 sample s received from waste dealers and processors comber notls, card fly, and clearet Detailed data for 
hecause the grade and the staple of the cotton from each array are given in Table NIII 
: which they came were not known \s 1 ited 1 
. arded goods, while mills 14 and 15 produ combed \n investigation into the actions of the cotton card 4 
goods he cotton used by these 9 mills. was prinet made several vears ago bv a textile machinery manu mo 
o pally middling cotton, with staple ranging fron lou acturer, produced some interesting information cor 
4 


{ 
i Waste Waste iat 
4 | 
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pA 


TABLE Starpte or Various Tyres or Corro~n Wasti 


STAPLE —-UPPER QUARTILE LENGTH 
Cotton Card Card Picker Opener Baws Re 
Mill ised trips fly motes Clear | 
) M O8 66 1.05 1.14 1.01 1.09 
M 1-in 1.09 83 82 
5 M 1 4-in 1.06 60 92 1.16 
6 M 1 45-in 1.07 93 87 1.14 3) 
M 1.07 1.09 9? 1.18 
10 M 1 -in 85 
11 M 1 99 
14 SM 1.01 
Karnak 14-in 1.27 99 a4 


15 M 1,4-in 1.13 


STAPLE MEA H 

) M 71 4? RR 69 

M 1-ir 3 51 64 87 

5 M 75 10 60 0 

6 M 1A,-in 87 4 

7 M ) 60 My 
11 71 67 


Ka ik 14 92 6s 
15 M 1 \\-in 78 ) 
STAPLE COERFPFICH VARIA 
M 41 75 5 
5 M 1 $8 R4 61 $3 9] 
6 Mi¢ 64 ) 
7 Mi¢ 44 75 4} 62 1 10 
10 M1 70 
11 M 1 ¢g-in 19 
14 SM 1} 1 
Karnak 
15 M 1,4-in 
Suter-Webb te Based e ‘ t lex i | 
and Physical Div Souther Regional Rese Lal i | e | e 


f be 
y 
03 
hs 
; 
i} 
14 SM th-in 77 
} 
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CUMULATIVE PEP CENT 


LICKERIN WASTE 


so 


CUMULATIVE Pee CENT 


Leworr 


CYLINDER STRIPS 


CUMULATIV® PER CENT 


UMULATIVE PER CENT 


LICKERIN WASTE 


ULATIVE PER CENT 


CYLINI 


cerning 


waste 


ever, mm 

tiber remove 
dotter strips 
thor 
he 


fiber array d 
In these diagran 
100 

the 100 hi 


rays of the flat, evlinder 


DOFFER STRIPS 


CUMULATIVE FER CENT 


CYLINDER SCREENINGS 


ca 
CUMULATIVE PER CENT ‘ ‘ i i 
Saco-Lowell 


__ SCAVENGER WASTE 


CUMULATIVE PER CENT 


DOFFER STRIPS 


CUMULATIVE PER CENT 


CYLINDER SCREENINGS 


CUMULATIVE FER ENT 


SCAVENGER WASTE 


strikingly similar to the fiber array of the card 
er, particularly in the percentage of longer fibers 
resent 

\ comparison between the 
sliver array curve and the areas under the waste array 


curves, and of the shown in Table 
XIV, emphasizes the sim 

The 
it 


ts cleaning, 


staple yths, as 


tribution 
segregati 
ecard removes fibers 
distribution 


sliver 
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} | from id » cot 
q ton. Lhe shaded portion rep 
~ | resents the 100° fiber array 
|} at of a waste product, super 
} 
j 
| 
he... “4 
= 
24 
i STRIPS | | 
| : 
4 a4 | | 
s CUMULATIVE PER CENT | CUMULATIVE PER CENT 
Fic. 11. Fiber array diagrams of the card wastes from a 1-in, middling Brazilian Paulista cotton. The shaded 
3 portion represents tl 100. fiber array of a waste product. superimposed in each case on the 100 fiber array a 
mum fiber length distribution in the various card 
— \s would be expected, all of these wastes are 
of shorter staple length than the card sliver. How | q 
= wastes which comprise the bulk of the 
the card—namelvy, flat, cylinder, and 
the ditterences in fiber length distribu : 
This is graphically illustrated by 
4 wrams shown in Figures 10 and 11 
is, the shaded portion represents a : ere 
ota waste product superimposed o1 f very nearly the same length : 
4 rrav of the card sliver he fiber ar which constitute the card 
and dotter strips are seen to 
| 
| 
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TABLE NIV. Fiber Lenora Distript 


In Carp Wastes 


Card sliver 

Flat strips 
Cylinder strips 
Doffer strips 
Cylinder screenings 
Licker-in waste 
Scavenger waste 


‘Ratio of 
sliver array curve 
Staple length 


area un r waste 


1.08 X mean length 


I hey Dam 


in Combing 


\s previously mentioned, a change occurs as a re 


of the combing of cotton fiber which lowers its 
spinnability Comber noils spin very poorly when 
used alone, and 50% is usually the maximum amount 
that can be spun in a blend with raw cotton without 
excessive difficulty. 

Mill men 


nability but they 


agree that comber noils have poor spit 


are divided in their opinions as to 


the reasons for it. Some hold that the natural wax 


present on cotton fibers is removed during combing, 
but attempts to determine the validity of this belief 


» far been unsuccessful. Others feel that the 


stretching and straightening of individual cotton fibers 


in the comber remove the convolutions normally pres 


ent and leave the fibers flat and untwisted. To deter 


mine whether this latter supposition has any basis in 


.a number of cotton fibers were examined micro 


scopically. Samples taken from the same lot of cot 


ton before and after combing were mounted in min 


the fiber convolution 


eral oil an Is were inspected. Ne¢ 
either the 


From 
that 


significant difference could be found in 


number or the character of the convolutions 


tests ona limited number of samples, it 


the convolutions of the noil fibers are not affe 


the combing process 


Waste Reduction and Control 


1 


Many cotton mills have long been conscious of the 


need for close control of the amount of manufacturing 


1 


waste produced. These mi 


nummMum amount of waste which be removed 


from cotton without reducing the quality of their 


determined the 


strive constar 


attention 1 
returns to its 
Mills of anothes 


accurate 


er, keep in 
Their 


as possible > 


mills regard 


cluded in 
While 
vhich keeps waste 


this 1s true to some extent, 


certain better competitive 


raw cotton wl 
remover 
e return received 
XV, the net co 
a carded yarn mall using 
llustrated. The 


amounts of 
s of waste produced 
umed gross weight 


The cost of each 


full extent of the 
incurred im 


increased raw material cos Th vaste 


would of necessit 


other factors involved in | 


it became Va 


to reproces 


production line 
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5 
products and they to keep waste per 
centages near this 
x Stank Other mills, a much larger number, are aware of a 
ap 
4 tu ength the importance of the problem but have no continuous be 
progran tor keepu gy waste under close contro 
Mi Chese mills tackle the problem from time to time when 
« cotton cotton cotton cotton their figures for waste become sufficiently high to ane 
100 100 1’ ly make it imperative that reductions be mack Wher ee 
87 79 1) 
relaxed, the waste percentage soon 
group, smaller m nun Aba 
Waste records or none at al \ 
concern 1s to get rid of the waste as soon 4 
ray curve to area under 
for the best price obtainable. These 
waste as an unavoidable expense wl 4 ‘a 
the cost of manutacturing at 
| position 
Cost of Waste to the Cotton M Bc: 
ae 
; Phe net cost to a mill it as 
processes Is mcreast Lb i 
waste, alter allowance to A 
of cotton in 1948 t 
fe 
middling 14-i1 itton is i 
= 
total waste and of madividua type 
las portions of an 
lave are expressed as | rtions ol an as 
8 | ih. of cotton fed into process. 
lable XVI for a combed yarn mill using strict mid 
These figures do not show the 
mills’ loss from waste, but only the Be 
sity include the cost of labor and of the 
point where the cost of handling and 
eee appear disposing of the waste, and the cost and loss of quality et 4 
which are corollary [sing the portion r 
turned to the 
Waste Control Programs 
Phe mill saves money in three ways by reducing 
| 
waste 
ee |S 1. For each reduction made in the amount of manu pope 
Mn facturing waste, a corresponding saving is made in Lad 
aterial cost. In a mill using thousands oi 
* 
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Proce 
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iste-fre R438 
rAL WASTE 
Bug O08 
ol 
Diisthous 0029 
Mot 
Card 
Keworked card fl 
Flat ru O10 
Card and d ‘ p OWES 
Re ed strip 0082 
Curd cleare 
Card weep 
Spinning clearer muy? 
weep 
(Mi?) 
r thre | 
thread 
Cable thre | AG 
Kinh pl 
Cable cord 
tt thread OO? 4 
cal threa 
Lhraum 
plied hreac 
Shashe ed 
Balled beamer 
Salt (Mid? 
thread 
th} 
Hop (MMT 
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Based if ‘ 
ade | tet ‘ 
based | ‘ 
Dehvered | 
Price St P.M.A., US.D.A 
tea 
| proc ‘ 
Net « { 
> 
Wi the | lye 
volume ‘ iste re 
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(Hiss 
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TON 


YARN 


rek Por 


Mini 


Selling 
price 
cent 
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» 39 
6.53 
14.73 
18.2? 
16.84 
14.91 
6.060 
8.47 
7} 
13.51 
12.50 
140 
4.45 
49 
14.51 
12.73 
§7 
19.00 
13.88 
3 
148 
totw te-tre 
perce: 
} " 
waste 
ohis terr 
clete 
raw pr 
t 
he ‘ 
the weight 
} 1 
pth 
The 
wit cost 
white 
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wit tl 


AND 


1948 


cott 
he 
thi 

ed 

+} 

ele 
S448 
S448 


0069 
0564 
1045 
O545 
R26 
OSO8 
O775 
OOG7 


WOLT 
O176 
O5634 
O47 1 
OURS 
1801 
OL23 
(W449 
O1ss 
OO77 
OO 


OOO) 


use Ca 
IMLSSES 
pa 


BY (GRADES 


Raw ex 


6423 
{976 
1020 
$167 
$964 
OS44 
(O04 
1178 
O409 
1783 


0491 


O22; 


994 
OLRS 


waste-tree 
cotton 
cents 
42.889] 


36.1898" 


s throug! 
ber dam 


| | | 
f 
+ 
y TexTice Researcn 
. ror A Carpe EZ 
Returt Net cost Net cost of oe 
trom oO 
( t waste waste® 
cent cents cents 
37.5500" 
31.6848 
|. 4.5050 i 
7623 
107, 
1089 
49 1 
1380 
180)? 
1953 
O476 
1945 0132 
0075 — 
140 1974 
O774 
1690 1127 
O778 
O477 
0138 
O45] re 
4 
3 
5219 $219 | 
4 not rete to net ‘ 
e carded varn fu 
‘ 
cotton, Mer y average for 1948, as reported in‘ Cotton 
3 
the raw cottor y multiplying the price of middling 1 
{ waste 
5 ‘ le sn term the ‘ e return {1 ill wa produced and fron 
return trom waste Of waste-tree otton 
36.19¢ divided | »., of waste-free cottor 
a ‘ terial cha r, metal l, grease, etc., introduced into the waste 
: or lerable item quality of its product is increased at a low ; 
: cons ra it juaiity ot its product Increa at a low 
s the stock to the This applies particularly to rewe hee 
ie swith each redu ste, bec: h additional proces : 
n hat nig large cott Causes a il 
we. Weakened iuse an increase in the num ar 
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rABLE XVI Ner Cost or Waste-Free Corron per Pounp anp Ce WASTE BY 
GRADES FOR A YARN 1948 


Wasts KAW ¢ 


Il ents ent cents ent cer 
Raw cotton 1.0000 10.°700 $9 1681 
Waste-free cotton 7209 OMT 35.4453" 
TOTAL WASTE 791 11.2393 18247 
lies OOS6 1.33 
Card fly OVS4 6202 92.00 1386 1816 
Card strips 0630 » $370 19.00 1.1970 1.3400 
Comber noils 1450 00 3.17000 
Clearer 0362 0200 
Sweeps O148 S900 
Thread waste OOSS 11.50 
Invisible OO380 1208 1208 
‘(,ross we ght use itm 1. lDoes n reter to el weg! wa e-tree ton 
It ‘ eof eacl 
‘ ev te 7 ! 
1 os 
iveraye r 1948 reports 
y the rict 1 1h-in 
the ( | luced a 
7209 | olw iree or 


ber of ends down in both spinning and weaving, with — ing effort by all mill personnel wor 


a resulting lity and efficiency. The higher a carefully planned program 
employee h results from better running The following paragraphs present a brief discussion 
work may be considered as part of this saving al of the more important systems and methods around 
though it is not assessable in dollars and cents 


In most mills there are few places where a large 


saving can be made in any one particular type of 


; 
3 
iste-[ree 
| 
ee 
oe ‘Net cost of 1 Ib. of waste-free cotton (35.45¢ divided by the weight, .7209 Il of waste-free cotton st. | 
he Includes small amount of extraneous materia ich as bobbins, paper, metal, oil, grease, etc., introduced into the wast et 
de 
and COnLTOL May be organizes 
Bi, 
1. Proper Adjustment of Machinery.—The ma 
4 i waste as a result of a program of waste reduction at chinery used in a mull, parti ularly m the opening a 
ae control. Usually a substantial saving is made only and picking departments, and any special devices o1 nee 
by effecting a number of relatively small improve attachments to the machinery, have an appreciable et l Pies 
q ments made in al types OL processing which form fect on the percentages ol waste mace .orwally Bi 7 
-_ waste in the null. However, savings of as much a mill personnel have only limited influence in the se aie ( 
] or or even more in some classifications, are lection of the and variety aot equipment How 
4 
4 not uncommort ever, the speeds and settings of whatever machines es 
a since present cotton manutacturing processes and are used can be closely controlle ind these exert a ee 
normal cotton grades yield a certain amount of waste, great influence on the quantity at type of manutae i Dest 
the aim of programs lor waste reduction and contro} turing waste projuces 
ee is to minimize the amount of spinnable fiber whicl \ detailed discussion of the effect of various ma Ctra 
yA is removed with the dust, leaves, motes. and other chine settings and of the optimum settings for the E red 
F toreign matter lo accomplis his requires continu numerous grades at tanple lengths of cotton is be Be 
ob, 


. 


at 
ord the one « this paper However lew re 
tid COp wey 
marks of general application to opening, picking, and 
carding, where the great bulk of waste ts produ ed, 
can 1 
Within reasonable limits, closer machine settings 
result in more waste \n inerease in waste is ob 


tained, for example, with closer beater-to-gri 


settings on the Buckley or horizontal opener ane 


with closer beater-to-fee grid-bars-to-beater 


settings on the picker The reverse, however, is 
true with the front-plate-to-cylinder setting on the 
card, where a closer setting results in a reduction of 


waste in the form of flat strips \ study made of the 
effect on waste of this latter setting showed that more 


waste Is produced with wide settings, the differences 


hetween total amounts of waste ranging from 0.1‘ 
to 1.1% 


Increases in peed of the beater and teed roll of the 


picker and of the cleaning members (cylinder, licker 


in, and flats) of the card will result in a higher per 


centage of total waste removed. Increasing card pro 


duction by increasing dotfer speed or by using a 


heavier lap will result in a decrease in total card 
waste. However, imcreasing production by means of 
an increase in over-all card speeds, which causes a 
proportionate increase in the speed of the cleaning 


members, will result in higher total waste percentages 


In the study mentioned above, it was found that at 
increase in evlinder speed alone or in flat speed alone 
is reflected by an increased amount of waste In the 


latter case, the higher speeds produce flat strips con 
taining a lower percentage of foreign matter indicat 
ing removal of a greater percentage of good cotton 

It is not meant to imply by the foregoing that ma 


lated at will 


chine settings and speeds may be manip 


without regard to other factors he leaf, motes, and 


other foreign matter present in raw cotton must be re 
moved, and their removal inevitably results in the 
loss Of some quantity of cotton fiber Machine set 
tings must reflect the staple length and character of 
the cotton being run: the sS Of good cotton fiber 
can be minnnized, however, by machine settings an 


peeds which are optimum for the cotton being proc 


Supervisor liducation 
been observed that in most mills overseers and sec 
ondhands do not realize the amount of waste made 


the cost of waste to the mill, or that a definite svstem 


for reducing waste is possible, This lack stems prin 
cipally from two causes. First, most overseers and 


| 
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secondhands have “come up the hard way” and until 


1 
} 


promoted had always earned iving by skilled 


labor. Their training and experience as card 


ers and loomfixers has usually been adequate, but 


rarely have they had experience or training in the su 


pervising of employees or of production. Second, 


the many routine duties of the overseer and second 
hand leave them little time to study the problem of 
waste, and still less time to plan for its effective re 
duction and control 

Pop management, of course, periodically calls the 
attention Of supervisors to the losses incurred from 
waste. The drive for a reduction in waste which re 
sults causes the waste production curve to dip sharply, 
but it quickly returns to its former level as the aften 
tion of supervisors is relaxed by the press of other 
duties. Since sporadic attempts to effect a reduction 
in waste result in only temporary moprovement, it ts 
apparent that a planned program of waste control ts 


necessary which provides for a systematic and con 


tinuous follow-up. The key to the success of such a 
program is the understanding and cooperation of ce 
partment overseers and secondhands, Their tram 


mg therefore must be the first step taken when a 
waste reduction and control program 1s initiate 
During the hours of training for this program, the 
werseer or secondhand must be free to concentrate 
on the waste problem, and so must he relieved of his 
regular duties 

Phe first step in training is to make the production 
supervisors conscious of what waste meats to the 
mill The amount of waste made and its cost to the 
mill, as well as its effect on quality of product and ot 


profits, mut The adverse effect of 


excessive waste on the nulls competitive position 


with its consequent hazard to the 


emplovee’s pay and job security 


should be stressec 


The various conditions and practices which result 


in waste should be thoroughly understood by every 
overseect and secondhand \ ood plat is to have 
each production supervisor make a detailed study of 
a waste problem in his own department The figures 


n volume and cost which he finds for himself wall be 


much more impressive than any figures compiled ‘by 


management This personal approach to a specifi 


waste problem will interest the overseer or second 


hand in following up the analysis by planning a solu 
tion to’the problem 

\ training program for supervisors such as has 
heen briefly outlined here can often be developed and 


| 
4 
: 


Es chines, 1f properly set and 


an amount ot 


ot ce 


is tl 


amount of a mill's loss on waste. 
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conducted by the mill's own personnel. This service 
is also offered by several reputable firms which spe 
cialize in consulting on waste problems 


n and Training.—Since 


will produce 


Employee Educati ma 


maintaimed, 


} 


waste which is consistent with the grade 


itton being run, the 


1 most important single fact 


| men are agreed 
that about 95° of excessive waste is caused by care 
: less or poorly trained personnel, and only 50% by ma 


chinery 


trace 
It 


pl \ 


Was 


} 


aba 


ure 


ng 


est 


con 


of the 
standard procedure, and 
wast 


aver 


work to keep waste at a minimum 


ope ration 1s to be obtammne: 


working 


waste 


Many believe that most of this 5°> mav be 


d to improper settings and careless maintenance 


is the duty of the supervisor to see that the em 


e¢ is so instructed in his job that he 1s conscious 


need for keeping waste at a minimum as a 
1 not merely during periodic 


Human 


ovee will 1 


e drives nature being what it ts, 


age emp ot voluntarily or consistenth 


Waste 


t and continuing adherence to established star 
for waste reduction and control 


campaien to reduce waste. or he mav be taught to cc 

operate wailling|s The cooperation which is forces 
on an emplovec is never as efficient in reduc ing waste 
as the cooperation which is attained through educa 
tion and training. Unwilling employees will only ob 
serve proper procedures while the supervisor 1s look 
ing ; reductions in waste made under these conditions 
will be small and hard-won. Ii the employee's co 


1, he must be 


te reduction 1s im his own best interest 


will be far more et 


ive than a losses which the mill sut 
trom waste Som em] lovees mav be concerned 
about the reduction in quality which results from re 
waste, but many more will be concerned 


ut the incre: 


ise ml yob load that results from the 
ater number of ends down in spinning at 


weaving 


Many mills: have 


found that compe 


waste 1s successful in stimulating emplovee inter 
and cooperation \t one Southern mill, dail 


figures are posted for each department 


siderable 


rivalry has developed among diffe 


16.4 
he compe ed to cooperate in a 


hown that 


Emphasis 


departments and among different shitts in 


department 
While a traini: 


} 


g program which involves educating 
come 
first glance t 
rate returits, 


Phe time spent on such a program ts more than 


repaid in decreased cost to the mull for waste, mm 
proved quality of product, and trengthened emplovee 
1 rale 

Waste Records and Reports.—It 1s impossible 
to set standards and to maintam a control system un 
less adequate waste records and reports are available 


Most mills maintain a more or less thorough 


of records, but great improvement can often be made 


system 


Frequently as many as a hundred people are respon 


sible for weighing and recording weights on three 
shift operation Several } irs of scales are often used 
ind these are frequently not checked and calibrated 


hts marked on containers for 


all 


lare weig may be 


waste 


incorrect cases not Waste being made is 


weighed, or not a | 


ll waste tickets are recorded li 
conditions preval 


Waste 


lo obtain reliable figures and establish sound cot 
trols, production and waste figures should be com 
bined, and the total should closely approximate the 


raw material input of each department \s an inter 


esting by-product of recording such figures, valuable 
ciditional mtormiation sometimes obtained 
excessive number of spindles may be found to be idle, 
or the existence hank clock padding arn 


he wrought to hiv! t 


and Tolerances In order to plan 


what minimum waste 


standard should up, with minimum 
nd maximum tolerance limits The waste standard 
which the mill sets as a goal can be determined only 


basis ol records, obtaine | bys use of an ade 


(trate Waste rey ter which reflect pa t 
experience 
et lor each cla of 
When the waste tor a 
on exceed the tolerance lim 
immediately be made to de 
he waste in any classification 
consistently goes beyond either the maximum or the 


; 
or determining he 
| 
| 
4 
a6 from the president of the company through the de such = 
partment foremen and secondhands, must insist o1 es on 
ic! percentages ts largely wasted 
4 
practices Ina) 
intelligently a program for waste reduction and con 
a trol aimill must frst know pes 
ae on his own pay and job security Za centage it may reasonably expect to reacl \ waste a: 
| 
ent 
ong 


| 
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good Floor sweeps undoubtedly give the most trouble 


i] equipment and other 


of waste: rubber cots 


phane, bottle caps, ete 


age to garnetts, wiping-waste macl 


aste equipment is caused by these contaminants Some of 


var them, such as rubber cots, can render a mixture of 

ypt 8,000--10,000 Ibs. of waste nearly worthless. [limi 

son nation of these contaminants would save a tremendous 

actual expense for sorting and preparation and the waste 

wn would bring a greater return. These items are pres 

dit ent often enough that some dealers are reported to 
sort the mill equipment and resell it to the mills 


one The standard allowance for bagging and ties on a 


nly bale of waste is 7% For grace Ss ol waste having 
owl vreater value than the bx g and ties used to bale 


lby ‘them, it is to the mill's advantage to use the full al 


sing lowance, whereas for grades of less value onlv enough 


should be used to make the bale acceptable to the 


; amount of labor required aste price received from dealers Hlowever, if it is not pos 

| 

: as a ilable item can be increased sthle to keep wastes of different colors separate l, it is 
Since large quantities of waste are produced in most usually not economical to sort them for any but. the 


ors, instead of the old-fashioned and costly truck ivatlable tor cotton 1 ; ipmen | 


utilized in different er uses and ive more commer two vertical blades connected to a separator 


ar 
cial value than vacuum strips, many mills still pack screen, and an additional mote knife to affor 


| 
| | 
: 
waste practice to be im effect, it may be advisable to to waste dealers. It 1s not unusual to tind any ot hit ate 
The characteristic appearance of waste from a foreign matter in ths tvpe 
viven machine used in processing a given grade ot hnickles, travelers, bobbins, oilv rags, spindles, metal | 
cotton is soon learned by experience, but it is advisa rings, cello]. Frequently. dam |e 
lished visual standards for each classification ol \ 
The waste standar«d shou not be set too low 
ticularly at the start of a control progran \tt ry 
ig to re luce waste percentages to lower than re ie 
ble levels may mente emplovees to conceal the 
unount of waste mace waste may be flushed 
toilets, thrown out winlows, taken home. or pla 
inother department 
j When a control program was first started i) 
Southern mill, the old-timers there said that the es 
result would be to stop up all the sewers in t Bey? 
ver, good empiovee cooperation was obtame 
attempting only reasonable reductions stres 
re 6. Handling and Sorting Waste W hile proper dealer a 
al sorting Of waste will not reduce its he mixing Of wastes of different colors, and par 
< quantity, substantial reductions can be made in the ticularly of white and colored wastes, reduces the * 
pty 
ij 
onitt ‘ ntial to utilize modern mat — 
ential to modern materials Nat largest mills 
: dling devices, such as chutes, air suction, and convey 7. Special Devices Manv devices or attachments AEX 
4 
| pushing methods waste either as their principal function or incidental rag 
S The market value of waste can be considerably e1 to their operation MS 
| y hanced if the various classifications are kept carefully (a) Card-Fly Separator: The separator is an at ig 
| 4 eyregated For example, although flat strips are tachment for the card, consisting essentially of 
| 3 fiat vacuum striy tovethet Sualiv When twe extra cleaning The attache t the fat 
3 or more classification ol waste are packed together licker In fly Waste separate trom motes, i 
2 the price received tor the lot will be base On the price thereby permitting recovery ot s innable fiber ane" 
of the least valuable fractiot from waste which sells at low prices It - 
H Kemimant have a sale value at least four or five is claimed that the value of the waste is thus Ht 
j times that of rags, but many mills mix rags and enhanced to bring 60° to 65° of the price ae 
remnants indiseriminatels command the higher of l-in. middling cotter 
price of remnants, these shorter preces should be | vd Pneumafil: Pneumafil 1s a device for remoy } 
' or more in length, and must be packed flat. Only, ing broken ends on the spinning frame by air aS 
} dirty, and nnsdved remnants also have t highet value suction It is claimed that it increases front See 
than rays, i properly classified il A 1 cked Simi roll speed on the trames and reduces ends u 
larly, medium and coarse pled varns 30 in. or longer lowr However, of tour mills which recently ; 
will be worth at least 10¢ a Ib. more if packed as mop reported their experience with Pneumafil none 1-§ 
Ch varn instead of thread waste had imereased 1 speeds, three reported con Vie 
| | 
| 
| 
| | 


creases 1 scavenger waste, and 
none had found significant reduction in num 
ber of ends down 
(¢) Continuous Stripping vecovery ot spinnable 
fiber ranging from | to cdepenamg 
grade, is reported with the use « continuous 
card stripping. This recovery ts said to result 
from the elimination of roller stripping, wl 
removes spinnable fiber as well as short-length 
fibers i continuous stripper ts 


(d) Automatic Knock-Ott: Less bobbin-tail waste 


and less feeler waste at the iOoMm are reporter 
with filling varns spur 
stl | } 
hal ms trom dott to «ae 
uls of unitorm lengt 


a waste test involves 


amount of raw cotton 


ach product a id eacl 


waste traction 


tained from the pro essed stock In 


east 2.500 lbs. of raw cotton 1s required for a repre 


AT 
| 
‘ 
A 
B 
4 > 
44 
N 
N 
BOTTOM CASING 
Fic. 12. i stripper y (A 
B) needle tripper replac 
hel k knife pla f rd bing between the 
j a tesy S ell S 


sample 
Waste tests are not routine mill ps 
Occasponany He neecder CNAME 
of cott processed is changed or whe 
1 
trol progra is initiated In resear 
abie im the tuciv of the effect on w 
ot the various cottor rlitie mec! 
ind processes 
lo msure the accuracy of test re 
cautions must be observe irk 


a i 
“are 
weighed betore he ny lawl dow! ul 
oughiy conaditione at the temperature 


tainers to be used should be tared. If a vacuum strip 


per is usec, the tank should be emptied before and 
after stripping the test cards. At the completion of 


the test, the percentages ol waste made in each cate 


luding invisible waste, should be computed 


gory, 


A check on changes in weight caused by relative hu 


mudity variations may be made by keep i small 
wnple « cotton near the stock ben vy proce ed, and 
noting any change of weight which occurs in thi 


The test procedure outlined above gives results mm 


terms of total waste removed, without differentiating 
il ce re« 


| 
this differentiation can be made by use of the Shirley 


Research Opportunities 


In considering the opportunities which cottor 
\ te research mav offer to textile nulls and to the 
waste industry, it must be ] 


nve par lel or comeice those of the 
raw cotton industry. For example, fibers of greater 
1 

uster or re Jence than tl e commo tou 1! 
cotton waste would be desirable u everal end uses 


Improve these qualities in raw cotfon, and a t ng 
equa Pl to cottor waste It 
al be borne in mn 


is to be practi it 

cost ot the 4 te or 

Hence, the wast 

you he of henetit 


4 
pole 
A 
‘ 
5 
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will be less accurate, in direct proportion to the size ii 
cedure but may ak 
when the grace a 
na waste cor 
they are valu 74 
q 
ilts, a few pre 
shown in Figure 12 waste tests are 
t be carefully ad 
‘ 
nust be thor panne 
am re lative 
; hunudity at which they are to be run Phe machine et 
to be used should first be stripped and thoroughly pee 
cle and all waste rei ved | ap und con 
rovel nts 
Waste Tests —Essentially 
processing a caretully Veghe 
and determining the weight i 
running a test to determine waste percentages, at 
| 
ae sentative sample \ test made using a lesser amount ie 
| 
sample 
TOP CASING 
nalvver 
Bi iy 
me 
awe 
4 ‘ Say 
llowever, research programs have been initiated to 
} 
shh terial of low unit value; therefore if research on it a hes 
i must add little or nothing to the Poet! 
} to the cost ot processing ee 
e problems on which research 
to the whole industry are: (1) 
‘ be 


ais 

| | 
f ib 
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mmprovement in control of waste removal in mill 
processing more clean 
ticularly of the lower graces, and (34) improvement 
Wl the properties of the waste cotton w wl are ce 


ired for specific uses 


1. Mill Processing 


\ thorough study of the optimum machine settings 
for the most efficient removal of waste is needed 
For example, it has been found that about one-third 
of the licker-in waste produced could have been taken 
out as card strips, which have a much higher resale 
value This study should include a survey of the 
whole cotton yarn manufacturing process, in ordet 
to determine where waste should be removed to 
bring the greatest return to the mill in terms of value 


ot waste and quality ol product 


\ closely related problem is the removal of spin 


nable fiber with the leaf, motes, and trash, which 1s 


particularly important in the case of card 


strips. It 
has been demonstrated that the fiber arrays of the 
flat, cylinder, and doffer strips are strikingly similar 
to the fiber array of the card sliver, particularly in 
the percentage of longer fibers present. Since card 
strips represent nearly one-quarter of net waste pro 
duction, and considerably more in terms of tiber re 
moved, an opportunity for real savings lies in elimi 
nating the removal of spinnable tiber as waste 

In order to maintain efferent control of waste pro 
duction, a quick and accurate me thod of making fiber 
arrays would be helpful. Mulls could then keep closet 
check on the fiber length distributions of their waste 
The present methods are either slow, too costly, or 


do not yield sufficient information 


’ Cleaning of Wast 


Cotton waste, particularly of the lower grades, 1s 


characteristically dirty and full of trash. (In additior 
sweeps frequently contain iter of mull equipment, 
and other foreign objects such as bobbins, travelers 
paper, bottle caps, and the like. Obviously, a quick, 


cheap method tor separating fiber from other matter 
would do more than al vthing cise to mecrease the 
+} 


value of waste. Research o1 is problem is already 


under wav m connection with that on the cleaning ot 


cotton fiber both at the gin and in preliminary pro 
essing at the mil) \ithough oil and sizing are pres 
ent on some types, cotton waste is, in general, more 
opel than is raw cotton as receive it the mull, be 
cause ol the proce wl cl aire Vy receiver 
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It ts conceivable, theretore, that efficient cleaning of 
most cotton waste might be a simpler and cheaper 
Accord 


ingly, attention should be paid to determining 


process than the cleaning of raw cotton 


whether different cleaning processes are possible 

\t the present time, the debris found in sweeps can 
he removed only bv hanc-sorting An economical 
method is needed for removing this debris before wil- 
lowing, not only to eliminate costly hand-sorting but 


also to prevent damage to machinery 


Oualitty ment 


It has long been recogmzed that some change ox 


curs in the cotton fiber d 


uring processing, with the 
result that such wastes as card strips and comber 
Not more 


than 50° of comber noils, for example, can be used 


noils are less spinnable than raw cotton. 


in blends with cotton.for spinning More knowled; 


of the nature of the difference between processed fi 
ber and raw fiber is required as the basis on which to 
judge potential usefulness and to devise a method for 
improving the spinnability of such wastes as card 
strips and comber noils. This problem also concerns 
ness of the cotton in the final products, 
since the same cl wiges have certainly oecurred in 
those tibers which are not removed as waste 
Manutacturers of hig! quality paper have tound 


that processed fibers are more readily pulped into 


paper than is raw cotton. Shorter times are required 


in the beater and the resultir produ t is sat 


istactory. If an improved cleaning system for cotton 
waste could be devised which would remove com 
pletely twigs, seed particles, and other woody matter 


which is so difficult to dissolve in the pulping pro 


ess, cotton waste night find an extensive market in 
the paper-making industry. The same characteristics 
which make cotton waste a potential raw material for 
paper may also render it useful for the manutacture 


of vuleanized fiber Manufacturers of both these 


products have preferred to use rags as a source of 


proce ssed fiber, since the vy are cle aner and can he ob 


tained at a lower cost than the better graces of waste 
With the rag supply becoming less satisfactory be 


cause of the presence of synthetic fibers which cannot 


be processed into paper or vulcanized fiber, additional 
sources of high-grade cellulosic fiber are needed 


Here again the chief requirement 1s an improved 


cleaning system for cotton waste, although some ex 
tra processing of the fiber might be required to make 


it completely satisfactory for vulcanized fiber. Some 


j 

| 
| 
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appraisal of these markets as outlets tor cotton waste 


ly 


appears to be justified, although expenditure of on 


modest amounts would be warranted in view of the 


cheapness of suitable rags 


Summary 


In 1948, the mills of the United 


642,000,000 Ibs. of cotton waste of all twpes, with a 


States produced 


value at the mill of $71,000,000. The average carded 
varn mill removes as waste about 15°) of the raw 
cotton entered into production, including bale ties 
and bagging, while the average combed varn mull re 
moves about 300+. Some 70° of total cotton waste 
production ts fiber, the remainder consisting of motes, 
bits of leaf and stem, dust, and other torejgn matter 
The majority of mills dispose of their cotton waste 
About 13° 


of the total production of cotton waste, particularly 


by sale on contract to a waste dealet 


of the higher grades, is produced and used in the 
same plant. There are no industry-wide standard 


ly classihed ac 


grades for cotton waste; it is usual 
cording to the manufacturing process in the plant 
where the waste originates 

\s might be expected the staple ler gth of the 
fibers in the lower grades of waste is found to he 
much shorter than that of the original cotton. Hlow 
ever, fiber length distributions of the better grades 
of waste, particularly card flat and evlinder strips, are 
not significantly different from that of the card sliver 


In a typical carded yarn mull in 1948, the cost of 


raw material 


liminated as waste was about 4.5¢ per 


lb. of cotton processed. Labor costs in processing 


and handling would increase this figure slight 
Many cotton mills have initiated programs for waste 
reduction and control, with special emphasis placed 
on the training of employees and supervisors. These 
mills have establis! ed strict standards for waste x and 


ilizing the most efficient handling and 


sorting 
techniques to keep unnecessary waste at the lowest 
minimum consistent with high quality and smooth 
operation 

Cotton waste prices ranged in 1948 from less that 
le per Ib. to as much as 24¢, depending on type 


~ 


Dealers have no means of hedging waste purchases, 


as is done with cotton, since there is no futures 


market on which to trace 


Cotton waste competes with cotton, cotton linters, 


rayon, ravon waste, wool, wool waste, foam rubber 


and numerous other fibers, was 


| inorganic ma 


tes, al 
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terials (4 these, cotton and cotton hinters are the 


ized as a raw ma 


terial it must first be cleaned, and im some cases 


opened or converted to a fibrous state on special 
equipment. End uses for cotton waste range from 
mattress felts to stuffing for tovs, from mop yarns to 
tobacco shade cloth Cotton waste may be spun 


alone, but is more often used in blends with raw cot 
ton or with other tibers 
Research to improve the separation of fiber from 
other waste ingredients, research to reduce the 
amount of fiber removed as waste, and research to 


uuprove testing and control measures used by mulls 


appear to offer the greatest opportunity for yielding 


results of benefit to the textile industry 


Glossary 


weavy fabric used tor covering 


lap, and sugar-bag cloth are the 


from the bale cover 


ing or from the sides of bales 


ally dirty, and 


Bag pickings are usu 
frequently damaged. Contaminants 
oiten present are jute fibers, ink markings, rust 
stains, oil spots, water damaged cotton, and tar spots 


This waste may be hand-picked at the mill, the good 
fiber being returned to production Bag pickings 
sold to waste dealers are usually sorted and willowed 
before further processing 


Bale ties—The steel straps used to bind cotton 


bales tale ties are frequently reused, but if in bad 
condition are sold for scrap lies are not required 


ly about 2% of Amer 


ican cotton production is put up in this form 


with round bales ; however, or 


Card fly—Short fibers removed in carding, prin 
cipally by the licker-in, the main cylinder, and the 
The better grades of fly are often fed back 
The lower 


before further processing. In 


dotter 
into production at the back of the pickers 


grades are willowed 


willowing there is a shrinkage of 30°) to 75% 


Card-roon wees Waste swept from the floor of 
the card room It is composed me tly of lint of a 
fluffy nature, but also contains such foreign matter a 
tem, leaf, motes, dust, oil, grease paper metal, wood 
ee lopl ine nd bottle ca Card eeps must be 
hand-sorted and willowed to remove nonfibrous mat 
ter Kaolit lded to the stock to soak up the oil 


| 

Before cotton waste can be 
4 
¥ 

| 

a cotton bales. Open-weave bagging made from new | 
and rewoven jute cuttings, rerolled or repaired but 

ar 
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} large re thie 1 wing process Sort 
ing at | ry together cause a shrinkage of 15 
50; 

Card stru kibers remove from the ecvlinder, 
dotfer, and flats of the card in the various stripping 
operation Card stry vhich include a relativel 
mall arnount of nonfibrous matter, are of staple long 
enough to be spmnable Cotton waste dealers sub 
classifv card trips accorang to the type ot cotton 
from which they are derived, as, for example, Peeler 
trips, Sak strips, and Upland strips. The term 


to desiynate 


ariety of cotton, but now refers to all long-staple 
cottons Sinplarly, the waste trade uses the 
term “Sak strips” for card strips from any egyptian 
cotta ithoug! Sakellarnwes (u ually shortened to 
Sak’) is now a mmor variety, little used in the 
United State If the strips have been removed fron 
the card by the vacuum method of stripping, they 
ire so designated ; « Peeler vacuum strips 

Clearer—(1) Card clearer-—Ver\ hort fibers 
which accumulate on the flannel-covered roll at the 
opening of the junction of the feed roll and the licker 
Ih cf er of the card 4 

(2) Spiro clearer——Fibers which accumulate 
on the roll or flat surface of the device used to collect 
hort fibers from the rolls of a drawn roving, o1 
pinning frame 

Comber n Fibers, nearly free of foreign mat 
ter, removed in the proce of combing Comber 
nos are blended with raw cotton in the productior 
of a wide vartety of varns and fabries The amour 
of noils removed in combing varies from 10° to 30 
of the net weight of cotton fed; the average for the 
combed yarn industry as a whole is 14 to 15° 

Dusthouse—Dust, cotton tibet ind foreign mat 
ter exhausted! fre the opening nd picking opera 
tions by means r suct | tock can be wil 
lowe I. but dun the « eratioy i shrink cre « 25 
to occur 

Heard threads—Narn waste, with considerable 
twist, left on any of the packages used in spinning 
twisting, warping nd weaving 
colle tec uri operations 

! ind is nat recovered, It4 used by loss in the 
r of fine particle files lust, and by drving 
out of the cotton ring process 

Vot Piece eed and plant nal ll. im 
nmiature see t vhicl het here Motes are re 


a particular 
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moved in the opening, picking, and carding opera 


tions, usually at the grid bars or mote knives. They 
ire subclassified as opener motes or picker motes, de 
pending upon the point of removal. Motes removed 
in carding are included with other card wastes 


60° in willowing 


removal of nonfi 


Hard 


rous matter 


Slasher waste containing sizing 


produced in slashi in, and weaving, 1 


am 


generally sold as balled slasher.” 

Soft threads—Yarn left on bobbins or collected 
during spinning, twisting, and similar operations 
The varns contain some twist, but less than is found 


in hard threads. Soft threads may be garnetted into 


shoddy, a shrinkage of 5% to & 


occurring the 


process 


from the 


1 
the same 


floor of the spinning room 


in card-room sweeps, ane 


bobbins 


addition, thread waste and 


eave-room 


sweeps—Waste swe 


room usual foreign 
sweeps, it has a larger proportion of 


Mat \ 


motes, because of th |) 
— 
Spinning-room sweeps—Waste swept 
types of trash foun’! : 
of the weave 
4 matter found 
hard waste ills burn this type of waste, 
ig ince the return from its sale (less than le per Ib x2 | 
a in 1948) does not pay the cost of baling 
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The Effect of Manufacturing Processes on the Fiber 
Length Distribution and Staple Length of Raw 
Cotton Used in Grey Yarn and Grey Cloth 


John F. Williams,* George Vlases, Jr.,+ and Harold Fieldingt 


Introduction 


In 1943 the Commissioner of Customs authorized ¢ 
systematic study of the evaluation of the staple length 
of the cotton contained in manufactured wares in an 
endeavor to facilitate the tariff classification of entries 
of such articles into the United States. The study 
was developed and conducted in the Customs Labo 
ratory in New York under the supervision of the 
Bureau's Division of Laboratories; it was completed 
in 1945. 


results obtained. 


The present article contains some of the 


Raw cotton having a staple length of 1! in. or 
more, frequently referred to commercially as “staple 
cotton,” is subject to Customs duty if imported into 
the United States. Raw cottons of shorter staple 
length are duty-free. Furthermore, certain manufac 
tures of cotton are ‘subject to additional duty on the 
basis of the amount of “staple cotton” they contain. 
Consequently, the critical differentiation between cot 
ton of staple length 1,4) in. or less and cotton having 
a staple length of 14 in. or more is important in the 
case of such cotton manufactures. 

The staple length or commercial classer’s length of 
raw cotton is an estimation based on the length of a 
typical portion of the fibers [16]. Cotton of a given 
staple length contains individual fibers of many 
lengths [6], some longer and some shorter than the 
typical portion. If the fibers in a representative sam 
ple of cotton are laid out or arrayed consecutively in 
descending order of length, it can be seen that there 
is a predominance of certain lengths. These pre 


dominant lengths make up the “typical portion” and 


determine the staple length 
*Chief, Division of Laboratories, Bureau of Customs 


n ( 
+ Chief Chemist, U. S. Customs Laboratory, 103 S. Gay 


aboratory, 201 Varick St.. New York 14, 


For convenience in measuring and counting, the 
fibers can be grouped in the cells of a frequency dis 
tribution having fixed length intervals, the number of 
fibers in a given cell length interval depending upon 
the fiber weight [1]. Plots made trom these distr 
butions (length at cell mid-point against percentage 
of fibers by weight) show a definite skewness [7] 
Because of this, length-frequency distributions of the 
fibers of raw cotton show a distinct modal length, 
which can be indicated by the cell length interval con 
taining the greatest percentage of fibers by weight 
This “modal length,” obtained from fiber arravs, can 


Fiber le 


be related to the:classer’s staple length 
distributions can also be obtained trom the cotton 1m 
grey cloth by separating the grey yarns and carefully 

fibers By 


grouping the grey yarns of a given yarn size and 


untwisting and withdrawing the 


preparing fiber arrays, the modal length for each size 
can be determined. By a comparison of any of the 
modal lengths so obtained with the modal lengths of 
raw cottons ot known staple length, it 1s possible to 
determine the staple length of the cotton used in the 
grey yarn under consideration, provided the effect of 


the mechanical processing during manufacture on the 


fiber length distribution can be estimated 


The chief purpose of the work reported herein was 
to study and evaluate the effect of the manufacturing 
processes on the fiber length distribution of the origi 
nal cotton with a view to developing a method that 
would effectively detect differences of 5 in. in the 
original staple length of cotton contained in certain 


grey goods at or near the 14-in. staple-length 


Previous Work 


A number of efforts have been made to determine 


the effect of manufacturing processes on the fiber 


length-frequency distribution of cotton 


— 
ar 

3 

\ U.S. Customs 


720 Researcn JOURNA 
| Valet [18] miacte use of fiber lengt! rrays fron lengt! at or near the 1}-in. level were obtained for 
th urns to estimate the staple length of the raw mate comparison of the fiber length distribution with that 
| rial used of the American Length Standards 
Gordon [13] studied the change in fiber iet th ir \bout 150 samples of raw cotton having verified 
raw cottons 1 vart (from cloth) taken from a Classer’s lengths at or near the 14-in. level were ob 
The varns were made from raw tained {rom American manufacturers of grev vart 
| | ttons « erified staple lengt! About 100 fiber and cloth, located for the most part in New England 
representative mainly of certain of the fiber lengtl hese were from a dozen different mills, each mill 
| ‘ supplving weekly samples for 10 weeks. In addi 
were examined for each sample He rted that PI 
; tion, weekly samples of yarn and cloth made from 
there was little change, probably about 0.02 in., in ne ; 
most of these cottons were supplied by the manufa 
the length of cotton staple on manutacturing we ripe 
turers. The raw cottons were obtained for compari- 
Webb and coworkers [20] in the U. S. Depart ‘ a si 
son with their manufactures and with the Official 
ment of Agriculture studied the effect on the length . ‘ ‘ 
, Length Standards The samples of grev varn and 
at the 25% wint (upper quartile length) of the cu 1 . - 
i cloth made from these cottons were obtained for the 
nulative frequenc he length array Samples of 1 1 
minative trequen jength array OF purpose of determining the effect of the manufactur 
tor ‘ rocessed eTIn tal m 
raw cotton were processed on experimentar ma Ing processes on the fiber lengtl tTrequency distribu 
chinery, and the effect of processing on fiber length — tions of the raw cottons 
vas evaluated from fibers taken from the lap, roving All the raw cottons were sent to the Cotton and 
ind yarn. For the three raw cottons studied it was — Fiber Branch of the U. S. Department of Agriculture 
found that the length at the 25° point did not change for verification of "ss lengtl In addition. a 
iwnificantly from raw cotton to finished varn, al 1 raw cottons from each of 
though in the case of one raw cotton real variations the mills were sent to a well-known arbitration board 
durit the intermediate processing — stey were in New England and to a similar board in the Sout! 
ciscoveres for determination of classer’s lengtl 
Phe use of fiber length-frequency distributions to \ number of devices for determining the staple 
Card sliver. sliver and comber toils in length of raw cotton are available [10, 14, 17] The 
one instance [3]. comber lap. sliver, and noils in a CO™b-type sorter was found to be suitable for the 
econd case {9}, and card sliver and card waste in purposes of this work Phe Suter-Webb Duplex 
iodel of the comb sorter + lected because of tl 
model ot the comb sorter was sete ed because the 
ithir 1s reported the Sa / Ru fin ott 
1 
( amphell ane Cook 111] used fiber engtl 
described in detail elsewhefe 
frequency distrifution data to assist in correlating 
the percentage of comber waste with varn quality 
q ving the hibers « the raw cot 
a They observed that the fiber length at the 2 point 


of the curnulative frequency curve increased about 


{1 The calculations and the 


is those described in that method Phe general 


procedure and ca ith Sure Ciscusse¢ etal 
Materials and Methods ae 
Forty unniple the Practical For of the “O In the present work three 1 ifications of the 
ficial Cotton Leneth Star ! of the United States method were made to suit Customs requirements 
represent tape lengths at at near the 14-11 Firstly, the method of preparing the test portions for 
level, were obtains the Cotton and Fiber inalvsis was changed Secondly. the fiber bundle 
Branch of the U.S. Department of Agriculture for was pre-sorted by hand before being placed in the 
the purpose rrelating tiber length-frequeney dis rter combs. Finally, the n idual test portions 
tribut data w e () il ¢ er } +1 me instances were ewhat Uler than the 
[wenty samples of Egyptian cotton and 50 sa size specified in the A.S.T.M. method. The mod; 
pole Sout! \met n cotte ‘ erit 1 cl ser s hed procedures follow 


| 
at 
he 
| 


ple, weighing $ to 1 tb 
(usually about 3 to 6 sq 

i sample was conditioned 

| 65% + 2% relative | 

4 pinches or tufts were t 

. the entire s ple inch 
were combined and pulle 
hke form about & in. long 
thin, tape-like sliver about 
the fibers. Motes, leaf, 


ter encountered in this 


were removed, care being 


lengths These were art 


lengt ibout 9 in. long 
re oml | nto a sing le 
and recombining was rey 
ihout ten times The 
tained (about 8 in. lor 
at several place . these 
length from either end ot 


tions were removed from the 


These were conditione: 


ner that the held fibers were 


a rallel to each other ar 
reference line The fibers were withd 
manner until the board 
parallel to each other 
hase line The fibers « 


5 Preparation of the Test Portions bundles being combined into one large cone-like Bek 
4 For any given raw cotton the bulk laboratory san bundle on the combs, maintaining the common retet Sie 
vas spread in a thin layer (This method of preparing the bundl 
} Was acopte to correlate the metho lor raw ttor 
tt. In area) Che entire : 
ernizht at 70° 2°F and With that used for the hibers trom yarns and ¢ oth 
» It gives a fiber distribution slight! 
en at random throughout that obtained by using the A.S.TLM. the 
opinion of the present authors the precision 1s im 
into a thick shiver or rope ter the test 
This was drawn int combs in this manner, the procedure ts substantially yas} 
72 in. long, parallelizing the same as in the A.S.T.M. method. The actua ae 
nd ott procedure used is deseribed in detatl in <2 
m, and other foreign mat 
and the following drawings ‘ts Laboratory Method No. 785.146 (Tentative), 
taken not to lose any fibers. Cotton 
; The long, thin sliver was divided into two equal In the analysis of grey cloth, two strips of cloth a 
ian 
without turning either of them end for end Phe i 1 ny ire re puires | 
i sample was further divided in this manner until eiht as Cee and the varns were removed and sepa es 
n this man iti eight wy 
rated into warp and filling \ portion of the 
: ae : 14 in. from each cut end was pulled away and d a 
bs thick siiver The drawing 
carce The fibers were carefully withdrawn from 
eated in the above manner 
} the uncut portion sot the engtl and were laid out J 
omluned shver ob 11..1 
oy, is was continued, raking the thbers into bundles 
at staple when necessat until amounts suitable for three test 
the si st ‘ i 
iver ree peor portion were obtained These were place 1} the Na 
Ireshiy opened surtace standard conditioned atmosphere tor 4 hrs Phe test 
] rt Wa pre sorte i place i! thre 
sorter as described abov he yr cure va 
Pre minar rting of the hers nd ( ) | t ure tier 
substantially the same as the A.S.T.M. metho It ; 
| \ conditioned tes portion was caretu \ weighed is described in detail in [ S Customs Method No ¥ . 
The weighed tuft was grasped hetween the 924.) 4/7 { Dentative “L'nfinished ¢ tton Article 
ad etinger. The fibers were removed at In the case of all the samples studied—raw cotton _| 
ia rrayed by placing the tips ol a small number of them — yarn, and clot three test portions were taken for @ 
' rence line marked on a sateen-covered board, each analysi \ny given ana is represents data A 
lA holding the tips down with a metal blade and pulling obtained by using from 35,000 to 45,000 fiber a 
} 
: away the main part of the test portion in su h aman +4 
out on the sate Experimental Results 
the markes Table I illustrates the precision that in be at 
a rawn in this tained by using the revised sorting method. It n Se 
od ibers laid out cludes results for raw cotton in the form of the Off epee 
h 
na commaot cial Standards, | yyptian cotton South \mericat 
e then raked cotton, and domesti cottor from American 
intoa conical bur lle i? tal straiohted 1 
i in vith a metal straightedge, main and also grey goods manufactured from the latter pee 
i: : taining the common. bast This bundle was placed \ sufficient number of the analyses of each type were ci 
ind aligned in tl Suter-Webb S 1 
917) - ~ 1 1 , 
similar to tha Cescribe In the \ | M method the nt part. that which 1 t na 
he remaining fibers 1 the test tie) were wit the classer’s typic: portion of the fiber lenet! 
mito a u e on the board an frequency distribution, is giver Under the experi 
transferred to the orter s described. the 1 1 1 
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DETERMINATION OF 


Sranparp Error oF 
7, AND 15 FoR Various Raw 


Official Standards 


(raw) ‘raw) 
Cell No S2,° ” S2; 


Egyptian South 


21 0.99 30 0.51 10 
19 1.11 WO 0.50 10 
17 O84 40 0.54 10 
15 O82 30 O47 10 


0.40 
0.53 
OAl 
0.48 


PERCENTAGE OF Fibers BY WEIGHT 
AND Cotrrons Ar ok Near 1}-in. Lenoru 


American 
(raw 
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in Cetts Nos. 21, 19, 


Domestic, from mills Grey cloth from mills 
(raw (manufactured) 

St, 

10 0.70 

10 0.64 

10 0.71 

10 0.50 


0.65 
0.83 
0.77 


0.68 


mM Nm 


Grand average of S2yt = 0.75% 


* Values of Sf, are the root mean squares of m estimates of the standard error. 
t Grand average S2,; is the root mean square of the 380 estimates of the standard error 


cells (length intervals) Nos. 21, 19, 17, and 15 for 
cottons at and near the 14-in. staple-length level. The 
cell number is 16 times the cell mid-point length (in. ). 


In the fiber length-distribution analysis the percent- 


age of fibers by weight in any cell is the mean, Z,, of 
three tests. The standard error of this mean is a 
measure of the precision or “repeatability” of the de- 
termination, The grand average value of the stand 
ard error, SZ,, based on the 380 estimates of the 


standard error, was 0.759%. Staple length, origin, 
and condition of manufacture did not have a statist 
In the 


present work the experimental error in a determina 


cally significant effect on the standard error 


tion of percentage of fibers by weight for any one of 
these analytically important cells may be taken as 
approximately + 1.567 (95 times in 100) 

Table I] shows the relationship between classer’s 
lengths at 3 levels—here designated 4, B, and C 
for certain of the Official Cotton Length Standards 
The staple lengths are at or near the 1 4-in. level and 
each is represented by 10 different samples. The data 
for the analytically significant cells are summarized 
in the table. For a given cell and staple length the 
percentage of fibers by weight is given as the average 


of ten analyses. Any individual analysis for a given 


PABLE Craractrertstic Portions oF THE Finer 
LENGTH-FREQUENCY DistRIBUTION FOR THREE STAPLE 
LENGTHS OF THI Corton Lenotu 

UnNirep STATES 


STANDARDS OF THI 


\verage® percentage of fibers by weight 
Cell No. Cell No Cell No Cell No 
lengtht 21 19 17 


Classer's 


; 16.3 24.2 17.4 
B 11 21 22 
Cc 60 14.8 21.2 


* Averages of the analyses of 10 samples (three tests per 


analy sis 
t These 


‘yin 


lengths incluc 1h in.; successive differences are 


staple length, however, was readily distinguished from 
any individual analysis for either of the other two 
staple lengths by a comparison of the typical portion 
as a whole as represented by the 4 significant cells 
Cell Nos. 19 and 17 are the most critical for estimat 
ing staple length at and near the 1!-in. level. The 
data for the averages for these cells are evaluated in 
Table HA [12]. 

Figure 1 shows a plot of the complete relative 
frequency distributions of the samples referred to in 
Table I. 


cies (all cells) expressed as percentage of fibers by 


Averages of each of the relative frequen- 


weight are plotted for each staple length against the 
cell mid-points (length in inches times 16) 

Since the longer fibers are withdrawn first in the 
analysis, the cell mid-points are plotted from left to 
right in descending order of fiber length for con 
venience. The typical skewness of length frequency 
distribution polygons [2] of raw cotton is indicated 
Figure 2 shows similar plots for 10 samples of roller 
ginned Egyptian raw cotton, /, 


Peruvian cotton, 


and 10 samples of 


Table IIL shows the effect of manufacturing: proc 
esses on the typical portion of the fibers from 10 


mills. Classer’s lengths equal to those of 44, B, and 


1 


TABLE Averace DirreRENCES Be TWEEN 
PERCENTAGES OF FIBERS BY WEIGHT IN 
Nos. 19 17 FoR THREE 
SrarLe LENGTHS OF THE OFFICIAI 
Corron LENGTH STANDARDS 


\v Observed 
difference 
n=10 


Standard 
range of deviation of 


Classer’s 


differences differences 


length 


64° 


‘highly significant 
not significant 


} 
os 
79>? 
4 
i 
| 
| 
| 
| 
4 
! 15.8 { 1.2 
1.6 to 5.4 1.9 
Cc 3.6 to —8.8 1.7 
: 


Ocrosper, 1950 


C of Table II are represented. The values in Table 
II] are the differences between the averages for five 
analyses for cotton fibers after and before manufac- 
ture. For example, for Mill 1, Cell No. 19, 0.6% 
is the difference between the average for the analy 

ses of the 5 samples of grey cloth, 23.6%, and the 
average for the analyses of the 5 samples of raw cot- 
tons, 23.0%. Tests for determining. the significance 
test 


Some of the differences 


of these differences were made by using the “ 
for unpaired variates [15] 
are statistically significant at the 0.05 level, and oth 
ers at the 0.01 level also. 

Despite this, no instance was found, either in the 
case of the averages for five or in any of the indi- 
vidual analyses, where there was a shift in the per- 
centages for the critical cells, due to manufacturing, 
sufficient to change the designation of the cell or 
cells of modal frequency. 


| 
| 
20 | \ 
A \ \ 
| ri le 
Wis} 
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a 
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CELL NUMBER 
Fic. 1 Fiber ler 
ial Cotton Lengtl 
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The “t” 


each cell by pairing the averages for each mill [12] 


test was applied to the grand averages for 


In Figure 3, the relative-frequency polygons desig 
nated 1,, 1,, 10,, and 10, are plots of 
fiber arrays for the grey manufactures and raw cot 
tons from Mills 1 and 10 (Table IIL). 
represents the averages for the analyses for 5 samples 
li plotted, fre 
quency polygons for the other 8 mills (Table III) 


the complete 
Each point 


(three test portions per samy le) 


would be symilar 


Discussion 


The determination of staple length, the “typical 


portion” of raw cotton, by the classer’s hand-stapling 


method is an empirical estimation. The determina 


tion of the typical portion by the fiber-array method 


is also empirical Phe typical portions as ascertained 


by these two methods are not the same. Each ts an 


estimate of the modal length of the fibers, however, 


and since they can be related, an estimate of staple 


length from fiber arrays can be made 


20 fe) 
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Fic. 2. Fiber length-frequen distributions for 
Eqvyptian cotton, F., and Peruvian cotton, P 
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Phe cumulative percentage of fibers by wei 


= 
| 
to and exceeding a certain length is subject to the 
‘ 
| } same objection 
4 Che most rehable estimate of fiber length for pre 
| ; 20} \ 1Op dicting the staple length from the fiber array is the 
modal lenoth 
ate the true mod ngt! a } h 


at the relationship between the percentages of 


fibers:in certain of the cells in the array can be ef 


can be related to those of fiber arrays of classer’s 


known standards. The cells most reliabl 


mating the modal length and, in turn, the staple 


eng 


wth are for the most part in the upper middle quar 


tile of the frequency a 


stribution At and near the 


| 1 we have found Cells Nos 


] staple length 


T 
-e 


2l, 19, LZ. and 15 to be the most rehable Nos. 19 , 
and 17 being the most critical The fiber distribu 2 


tion in these 4 cells is least affected by the manuta 


turing processes There n i shift of fibers be 


TABLE TIL Data—S0 SAMPLES 
of Kaw AND 65 CORRESPONDING GREYS 
» VIANUPACTURES SHOWING THE DIFFERENCES 
Bre TWEEN PERCENTAGES OF FIBERS By 
23 i9 7 3 Wright IN THE Typical Portion 


OF THE ARRAYS DUE TO MANt 
FACTURING PROCESSES 


Ditferences between average percentages 


Mill 19 17 15 


\ number of statistical mi res of fiber lengtl Re 5 0.6 0.8 1.9 : 
can be obtamed trom the tiber frequeney-cistributior 
O7 0.6 Os 
ita these are the mean tiber length; the 1.9 3.9 10 
} 1 
fiber length at anv particular point on the cumulative 3.0 
frequeney curve ul the upper quartile lengt 6 +9 
(lengt it the 25 pot the « tive percentage i 1.4 
ot hiber havit er il ind exceeding 
given lengtl ucl the cumulative percet e $33 ) 02 
7 ( \ ‘ 
07 +0 1 19.4 
Iwo ditferent raw cottons could have the same Grand 
me in fiber litters P lengtl Phi iveraue 3 1.4 os 
tatistical quantits therefore irreley t to the * Averag five ‘ ec te p ns averaged 
onal 
present probien | { tibet ‘ t it- particular ‘ ha 
(sre ul ed 
nit nt 1 1 t rectiet 1 
‘ The ¢ ALIVE equeney Curve ( od ‘ 
indicative of staple length. particularly at the point { Fills rn (f he ‘ © give 
representing 25 tw 35 of the fibers. but is not a varp 
‘ twat OOS ley 
re ere ( eT ‘ O.O1 level 


| 
3 
I 
wi > > fectively used to judge staple length, since these cells 
| \ 
2 
) 
| \ ; 
uJ 
« | 
| 
| 
0 
ie 
cottor 1, and 10. and for respes re manufa of fibers } weight 
1, and 10, from M and Cell Ne Cell No. Cell No. Cell No 
| [| 


i out of these ce 
rocesses (Table due 
oot short fil 


| 
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during the manu noted the similarity in the shapes of fiber frequency 
Pe facturing | to fiber breakage distribution polygons tor cottons from various parts tects 
ee and removi s, but the changes ol the wot In view of this we feel that the stay le tei! 
ry are not sufficient to upset the relationship betweet engths of toreign cottons and their grev manutac ae 
ie the percentages of fibers in these modal cells” to tures can be estimated fairly by reference to the typ Be 
the extent that reliable predictions of staple lengtl cal portions of the Official Length Standards ae 
a cannot be mace We wish to emphasize that the manufacturing proc B31 
ae ¢ ive selected the method at the apparatus esses did not change the general relationship between ae 
aie which we believe to be best suited to the nee is ol the percentages of fibers in the analvtically mportant ec 
ay this problet We have endeavored to retain the cells. Where Cell No. 19 was definitely the cell of say 
1 | te) 
i \.S.T.M. method and nomenclature in so far as pos modal frequency, it remained so after manufacturing at 
a sible Pre-sorting of the fibers is a departure whicl he same is true of Cell No. 17. Where Cells Ni Bete 
pty Is necéssary in working with varns This same ce 19 and 17 together represented the modal frequency ae 
ats parture must necessarily be carried over into. the no change substantial enough to indicate a ditferent es 
method irraving the fibers of raw cottons staple length was note \s pomted out bove, thi 
| 
vase fiber arrays will therefore not be identical with those was true tor the individual analyses as well as for Cae 
Bea obtained by the A.S.T.M. method We find, how the averages ¢ five anaivses In view of the above, | “es 
a ever, that pre-sorting is an aid to reproducibility, the and despite the results of the “f° tests, comparison of ee 
experimental error by the revised method (Table | the fiber-array data for the grey manufactures with 7, 
we being about 1.5 (95 times in 100) those of the Official Stancar can be used to give a ise 
a The Practical Forms of the Official Cotton Stand reliable estimate of the classer’s length of the cottor Ro 
aras ot the United States are generally unofficially origi illv used The relationships hetweet adja ent 
a recognized throughout the world as the American cells are more important than the actual content of a 
aoe conception of staple lengt! The present authors fibers in the cells Che more desirable cottons wi j et 
bet feel that the fiber-array method which thev have used — of course, have more fibers in the modal and adjacent ‘ae 
aree can be related to these standards for estimations of — cells than will less desirable cottons of the same staple a). 
a staple length. Such a relationship is shown in Table — lengtl However, this is not relevant to the pur es 
I] Phe lengths of ( represent sta] lengths es of this study 
fad (classer’s lengths) at and near the 1!-1n. level The pia 
of table shows the averages of distinctive, reproducible Summary and Conclusion Bes 
percentages in the tvpical cells for these three lengths 
Stucies of the fiber arrays ot samples of raw 
Length differing from length C by in., can be 
cotton ar corresponding manutactures grey 
differentiated by the fiber-array method with a very 
( otl Varn it wate that the change if the typ il 
high degree of probability The modal cell for the 
portion of the er length distribution are not of sucl 
former is 19, and for the latter 17 holds for 
Pah character as to affect the rehability of estimates «© im 
commercial cottons of verified classer’s length at these 
sunt levels as well as lor the Cth ial stat lat Is \ chat ks 
Phe typical portions of fiber arrays made from the 
acteristic of length B, differing in classer’s lengtl 
irns of grey cloth can be interpreted in terms of the 
from lengths and C by In., Is that the percent 
‘ typical portions of fiber arrays of Official or versed 
ad ages of fibers in Cells Nos. 19 and 17 are nearh et 
equa Neither is a distinet modal ce \n imspe 
‘ e made of the staple nyth of the cotton use thie 
tion of the data indicates that lengt Bo be dif 
EY: ferentiated from lengths 4 and C by fiber arrays wit Bees 
5 Figures 1, 2. and 3 show the averaged valu T Our thanks are due to Mr. H. J. Wollner, formes aan 
1] 
a the cells ¢ ber «distri 1 These Consulting ist » the ecretary ¢ the Trea iTy, 
Irequ trivuti poivgons itl it¢ \\ \ ( } ‘ 
tively, the « iracteristic skewness of the \mer vho were responsible for initiating the 
Ai Standards, the foreign cottons, the commercial 1 tudy and who provided much valuable tance; to ee os 
ae cottons, and the grey manufactures. Balls [1 : Mr. Louis Tanner, Chief Chemist, | Ss. Cust wx: 
j 
| 
a J 
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Laboratory, Boston, Mass., for assistance in the sta don, Macmillan & Co., Ltd., 1928, pp. 361-3 
Pr 
tistical presentation of the data; to the ¢ m and Campbell, M. E., and Cook, J. M., “Effects of Vary- 


the Percentage Camb the 
Fiber Branch of the Department of Agriculture for Waste on the 
Quality of Cotton Yarn,” mimeographed re 


ort 


a wealth of information on raw « tte n; to the State then Catan 

Department for their efforts in obtaimir g samples ot and Fiber Branch, in cooperation with The Clen 

foreign cottons; to the many members of the New son Agricultural College, Washington, D. 

England Textile Manufacturers’ Association and : May 1943, pp. 6, 18 

Freeman, H. A., “Industrial Statistics,” New York, 
John Wiley & Sons, 1942. pp. 13-15 

Gordon, H. B., Textile World 64, 39-45 (1923) 

Service for assistance in obtaining samples; and Hertel. K. L.. ASTM Bull. No. 117. 25-7 (Aug 

ce finally, to all of the other persons who so generously 1942). 


their associates and consultants who contributed sam 


ples and technical advice; to the Customs Agency 


helped in many wavs 5. Snedecor, G. W., “Statistical Methods pplied to 
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Statistical Quality Control at Work in a 
Cotton Mill 


E. S. Rudnick* 


amsutta Mill A ew Be diord as ik ts 
Abstract 

taken in setting up a quality control system are discussed I ‘ 

tions, general analyses of variance, collection of populations of data, 

, Setting of contr t st t« rol charts, and various statist 
cal comparisons. For each of these, common statistical tools have been put to practical use 
The 
Phe steps used for a three-factor analysis of variances re given 1 eta 


A. The System in General 


The first step in the setting up of a quality con 
trol system is the determination of where the major 
variations are occurring and of what characteristics 
should be controlled. In determining these, general 


} 


analyses of variance for each of the major manufac 


turing processes are valuable aids. In the work re 
ported here, such analyses were made of the yarn 
(its size and strength), the roving, the draw sliver, 
the comber sliver, the comber noil, and the card 
sliver 


Analyses of Variance 


n making a general analysis of variance, all vari 
In making a genet : 
ables and interactions considered to be important are 
taken into account. The details of one of these, a 


three-way analysis of variance of roving, will be 


discussed in Section B. The final conclusions show 
which of these variables and interactions have a sig 
nificant influence on the particular process The 
variables and accountable interactions capable of be 


ing controlled are placed in control. But of more 
value 1s the fact that the results indicate which are 
the important variables to take into account in future 
sampling. For instance, from the yarn analyses, the 
variation between the positions on a bobbin was 
found not to be significant. This indicates that it is 
not necessary to wait for the doff to sample bobbins 


in the future. 


* Director of Research, Wamsutta Mills, New Bedford, 


Mass 


When undertaking an analysis of this type, it pays 
to make some preliminary investigations. An exam 
ple of one such investigation was the reeling of skeins 
in order to make a comparison of yarn sizes between 
slowly and rapidly reeled skeins. In this case there 
was no significant difference; according to “F”’ and 
‘t” tests the inherent variation of the yarn was 
greater than any possible errors introduced in reel 
ing. Therefore, it was not necessary for one tech 
nician to do all the reeling 
Variables other than those being considered should 
be minimized. In taking into account the variable 
of days of the week, it is necessary that the same 
source of the product (1.e., the roving in the case of 
the spinning frame, or the sliver in the case of the 
slubber) be used throughout the test, assuming that 
the variation between bobbins or cans on the pre 
vious process is not significant until proved other 
wise in a separate analysis. When the variables 
“between shifts” and “between positions” are both 
g considered in spinning, it is necessary to use 


he in 
a count of varn that doffs at least once a shift Also, 
existing laboratory equipment must be used, which 
means that although a draw-irame sliver analysis 
might be based on tenacity, in the present investiga 
tion it had to be based on weight per unit length 
The spur dies and frames used were selected by draw 


ing from random numbers 


Setting Limits for Control Charts 


The following procedure employed by the writer's 
organization illustrates the application of statistics to 


the setting up of a system of quality control 


| | | 
| 
| 
an 
Was 
| 
hee 
| 
| 
| 
the 
| 
\ 
| 4 
| 
| 
| 
| 
feck 
ay 
| 
I | 
| 
| 
| 
| 


After it charts have their outer control h ts set at LO ie 
ibove standard deviations from the mean and their inner 
trolled t controis at 1.65 standard deviation s, the limuts for 
ize to Use the ranges and breaks being set at 1.65 and 1.28 i 
> 
puting the standard deviations in order to include the same pet = 
x 


varn, the items Almost from the be; 


3 ginning the control charts were 
ae f the size, the warmly received. The superintendents and ove 
tor each ¢ mint seers closely observe the trends st veral times a week 

3 ms, ranges were But the control Id not stop there. Daily reports 4 


wl the overseers 


the two wa tlmost alwa unit each count of varn 
where the sample ve for a particu lows : bevond the 
{ vith the number ¢ rames ¢ that «¢ Out of Control, 
1 
1 ill had to be based on tl ‘ ul veen the immer and 
tl tale f the ! in fa Region When 
deviations tor it 1»! same side of the 
tant were co puter ire the ratu it this i du to F 
between the actual p! e and tl ontinues Heavy, of. 
ple Pheretore n tl rm Range, Within 
ot roving data tor a particular count a 1 : - civ f orts are made tort 
un for the t ing: mean lengtl 100d, Warning 
ze, actual range, and corrected rang gion,” and “Out of Control” points so that the 
or aa te mont i were to over-all qua recoras ot a department ca com 
constitute mer il po} lat ul 1 st il | ired trom week to weel 
ird deviations were ¢ puted for all of these popu The material value of such reports is obvious 
itor of each count of ¢ te) rn, roving particularly of all “Out of Conti places are starred 
ete lor ever factor ¢ trolled these 1 red and it the reyn rt distributed the san 
the « rol | t yere et » tl 
‘ 1 lil 
| $1]. was use wath iter ty 
Ne level and inner contr ts at the 10 le 
. it was assumed that t vorst thre 
3 cluet was out of contro] 
a 
rhe control charts for 
control lie tor tret 
‘mits on bot! = 
| 
| 
| 
| 


| 
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mittee ot the were used Lo dotted red tines, and the outer control limits by solid 
letermine which “allowable random ampling error” red lines with shaded areas for empl LSts ae 
to use, the overseers concerned were asked whether Ihe four charts for each yarn count are mounted aha 
| they would accept the conclusions drawn as being on one large chart so that they can be used in con a 
correct 19 out of 20 times (or whatever other proba junction with each other These charts are fixed, oS 
bility they desire in loose-leaf fashion, to a slanted top table, where < 
, Forms were then made up tor the collection of — they can be readily observed or worked on. et) 
data to comprise th population n which the 
ontro tk rts 
was to be based ome Cases past data were used 
used instead of standard deviations because it was interpreting the charts are distributed to the general fi 
found that the rank correlation coethcient between manager, the sup rintendents, 
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13 
: 
a ceTtain factors have gone out of control ind every must be on the | KOUL Tor possible changes and Va, 
one is more quahtv-conscrous nnprovet ents vv the Various processes wl ch n iwht 
4 This method of controling the qu itv has beer lead to decrease in variation ar 1 increase quanty ae a 
re made flexible for easy revision \ running record Thus, through the steps just discussed, statistica me 
ot the daily means and ranges is kept so that every quality control has found its wavy into at least one a 
x tew months the charts can be revised and the limits mull, with successful and valuable results Bat 
narrowed to fit the new quality standards 
B. Specific Analyses of Variance 
- In presenting these examples of the application of 
\s the data for populations are being collected, or analyses of variance to specific operating problents, hoa ame 
“om as the charts begin to “run themselves,” quality con some familiarity with the principles of statistics on Pe 8 
weg trol can concern itself with statistical analyses and — the part of the reader is assumed | te 
COMMPATISONS aaditior the general analyses ol Presented Ww are the actual steps taken In per ae 
aie variance mentioned above, others were made to con forming a three-factor analysis of variance Phis is oes 
a pare the “within frame” variation with the “among particular ana s is based on roving weight for feels | 
frame” variation for particular processes ; or to com specific length The actual results are unimportant 
va pare the “within column” variation with the “among is far as this presentation is concerned, since they ees 
column” variation when the data were for samples of | apply only for the particular conditions under which a I 
| 
the same count of varn from more than two different the tests were made. The object of the presentation | 
roving’ counts is to show the methods which such analyses are ie 
Statistical comparisons using al tests on pertormed and the value of such an at 
ee normal populations were constantly made When the details of each step are given to provide a text ee 
By 
eed the same count of varn was being 1 le im two di ot the echanics of an analysis of variance, one ie 
ferent spinning Tooms, sat iples Were compared to ight fee] t if IS AN <tremely ony and Compt 
see if they were signmificantiv different If were cated procedure \ctually. once the detar are ma 
(and this could not be corrected), then two different tered, a three-way analysis such as that presented aa 
control ¢] irts were ed Similar Comparisons were below 1 rather simple and can he i} completed 4 
| 
Pode mnmade when the same count of varn was being mace in 2 hours once the data have been collected Se 
from two different roving counts. Long-draft spit 
ning variance was compared with conventional spit 
a ning variance. The breaking strengths of varns with In this case, the three variables considered to be em 
ee the same count and different twists were compared affecting the weight length of the roving are a ; bai 
a for significance Many comparisons were made to — follows a 
determine whether the sizes of close counts of yar1 
a Between positions hree positions on eacl Re 
were actually significant different (1.¢c., 43's vs. 48's, 
4 full were choset outside, mu Me, ind 
50's z's. 52's, ete When such a test failed to show 
significance, it could be concluded that it 1s unneces 
2. Between spindles, S: Four specific spuidles, 
sary to run the two counts separately Strength com : - 
chosen by drawing from random numbers, were 
arisons also were made ot the same count of var 
made trom two ditterent ‘staples of cotton Tests of 
1 3. Betweer ivs, 1): Four successive day at pro 
new parts on nmyachines (such as drafting rolls ind 
duction wet chosen Vednesday, Thur lay, 
tapes were compared for significance by 
comparing the products or the spindle speeds 
tore al attet mstailation of the new part Yep The « per 1s cle ened so that tll possil e con 
ray counts on the card web were similarly compared binations of the three factors oceur—-1.¢c., 3 * 4 } Bo ne 
5 vtore and atter strip gy of the card, using various or 4&8 separate npling output, one for eacl a 
{ stripping intervals until the difference was significant position-spindle-day combinatior ds 
There is at most endless chain of potenttall In such an analy as this, no attempt should le bg. Wc 
Bt valuable statistical comparisons that can be made made by the experimenter to alter the normal operat Tame 
()t course ata tin quality control department ing cot trons vever, the variable not beme 


730 


or VARIANCE oF Koving Grasp Tarte or Data 


Positions 


Wed l 3908 
396 $73 
194 194 387 
396 406 
Thurs 02 39) $96 
$74 
; 373 381 387 
4 
Fri 1 37) 
4 $97 384 $70 
; 408 $87 
4 $70 385 
Mon 445 304 $93 
; $93 4100 
402 385 $97 


ZX = 18,740 
YX? =7,321,544 


investigated should be controlled as much as possible 

for example, having the same technictan do all the 
weighing on the same balance, and conditioning all 
specimens the same length of time. Thus, if no at 


} 


tempt is made to control the main effects, the vari 


ables will act in conjunction with each other as they 


do in actual practice, and any of these interactions 
which are significant can be determined 
Since we are interested only im variance ditfet 


ences, the actual magnitude of the data is of little 
miportance Thus, in the Grand Table of Data, deci 
mal points and umits (grains) have been omitted It 


simplifies the work when using a calculating machine 


to work with the original data using all positive num 


hers even though the number of digits used may he 


yreater 


Outline of Procedur 


At this point, it night hep to state briefly what 
such an analysis as this is trving to do. Using the 
data which apply to each variable and interaction, 
the respective variance estimates of the grand popu 
lation are computed. These are found by computing 
the “sum of square s for each of these sets of data 


and dividing by the number of degrees of freedom 


associated with that vamable or interaction The 
variance estimate is called the “mean square.’ If 
none of these imdividual vanables had a significant 


effect on the process, then these mean squares would 


all be about the same, with no sigmiheant differences 
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Thus, the effect of each variable is finally ascertained 


by ordinary variance comparison tests for signifi 
cance, such as an “/” test. These steps will be 


more fully clarified in the actual analysis which 


Summation Subtables 


An actual schedule should be made of the various 
summations which are required, and these should be 
numbered. Also, if different-colored pencils are used 
for reporting the data of the original table (such as 
all data for Thursday in red, Friday in green, and 
Monday in blue), it will be simpler. These sugges 
tions may not be necessary in a three-way analysis 
such as this, but in a four- or five-way analysis, where 
summing must be done over as many as 30 factors, 
the advantages are great. Here, to get the individual 
sums of squares, it is necessary to sum the data over 
each of the following factors: I. Positions (P); II 
Spindles (S); III. Days (D); IV. Positions and 
Spindles (PS); V. Positions and Days (PD); VI 
Spindles and Days (SD) 


FABLE I.) Summation Over Positions 
Sp vile 
Day 1 2 
Wed 1175 1170 1175 1192 
Thurs 1190 1168 1141 174 
Fri 1156 1150 1178 1156 
Mon 1202 1153 1176 1184 


xX 18,740 
X 


21,953. 


TABLE IL. Summation Over Spinpies 


ositron 


Day Outside Middle Tnsicl 
Wed 1586 1594 1532 
Thurs 1567 1555 1551 
Fri 1573 1553 1514 
Mon 1601 1540 1574 


18,740 


272 OR? 


FABLE TIL. Susmation Over Days 


Position 
Spindle Outside Middl Insice 
1 1604 1576 1543 
2 1897 1543 1501 
1543 1566 1561 
1583 1887 1566 


X 18,740 
X? = 29,274,120 


| 
| 
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le 
| 
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The first three are then obtained (see Tables | 
Ill) from the Grand Table of Data and it is here 
that the advantages of multicolored tables are evident 


From Tables I-II! the succeeding set of tables 


(Tables IV-V1) are made. For instance, in order 


to sum over Positions and Spindles as in Table IV, 
either Table I can be summed over Spindles or Table 
Il can be summed over Positions, whichever is 


simpler 
Sums of Squares Total 


The next step consists of computing the sums of 
the squares of all the data in each of Tables I-VI 
and in the Grand Table of Data. The actual sums of 
the individuals, which are obtained simultaneously 
with the sums of the squares on a calculating ma 
chine, should of course be the same throughout 
These results have been recorded at the lower right 
in each of the tables. (On the originals these figures 
are in a different color for emphasis. ) 

A so-called “correction factor” is then computed 


from the sum of-all the individuals ; this is: 


(SX)? . (18,740)? 


\ 48 7,316,408 


The actual “sums of squares” are computed for 


each variable. The “total sum of squares” is merely 


the sum of the squares of each variate of the Grand 


Table, less the “correction factor” (see column 2) 


FABLE SUMMATION Over PosttiGNs AND SPINDLES 
Day 
Wed Thurs Fri Mon 
$712 416734 1640 4715 
2X 18,740 
SX? = 87, 800.698 


FABLE V. Summation Over Positrons 4np Days 


Spindle 


+,23 4673 1640 $715 X = 18,740 
X 


2 = 87,800,946 


FABLE VI. SumMarion Over SpinpLes AND Days 
Position 
Outsick Middle Insick 
6327 6242 
=X 18,740 
YX? = 117,074,734 
Lo 


( 
1,544 — 7,316,408 


Sums of Squares—Primaries 


The actual “sums of squares” for each of the pr 


mary variables is then found by taking the sum of 


the squares computed in Tables IV-VI for each of 
the respective variables, dividing this by the number 
of individuals originally making up each component 
of the variable, and subtracting the “correction fac 
tor,” as shown below 

“Among Positions” 


\ 


Sum of Squares (from Table 


7,074,73 
P = 7,316,408 763 
“Among Spindles” 


V) 


Sum of Squares (trom Table 


87,800,946 
1? 7,316,408 338 


“Among Days” Sum of Squares (from Table IV ) 


D 7 7,316,408 = 317 


Sums of Squares—I nteractions 


The interaction sums of squares are found simi 
larly, except that in this case not only must the cor 


rection factor be subtracted but also the primary 


sums of squares of which the interaction consists 


“Among Positions and Spindles” 


ng 
Subtraction term C.F.+P+S 
7,316,408 + 763 4 338 
7,317,509; 
29,274,120t 
PS - 7,317,509 = 1,021 
4 

**\mong Positions nd Davs”’ 
Subtraction term C.F.+ P+ D 


29,272,982$ 


7,317,488; 


PD 7,317,488 758 


* Actually, the denominator is more readily determined by 
dividing the total number of individuals, 48, by the number 
f parts to the variable under quest 3 positions m thi 

case 


+ The nun 
III, while tl 
Grand Table 
lable 

t From Table If 


4 
‘i 
731 
+ 
Total sum of squares 
Bk 7,32 
5,136 
le 
: 
= 
| 
C.F. 
is the sum of the squares giver in Table hres 
aS minator is the number of factors from the Pa ae 
} 
ata which go to make up each factor i 
= 
Cie 
Be 


| | 
"29 
43 
2 Textice Researcn JOURNAI 
‘Among Spindles and Days” 
SumMary 
Subtraction term C.F. +S + D 7,317,063; 
1.953.306" source of Sum of Mean 
SD 7,317,063 736 Components square Dt scjuare 
Ves + V; Vy 763 2 $82 
Ves + 338 3 113 
D 317 106 
The resuits are summarized in the Summary PS 1021 6 170 
PD 758 
lable together wit } n i ) 126 
i ith the re pect ve Var we sp Vo+Ve 736 9 
ponents ind degrees of freedom for determination ot Residual | 1203 18 67 ‘ 
the mean juare (variance estimate he cle ITEES : 
Total 
ot treeadom are the number Independent variates 
ummed to form the total sum of squares for the | , ieee 
is assumed that the sidual mean square is the : 
iriates Kor each of the three primary variables est estimate of the population variance \ny mean cy 
ates, 90: that the desvees of freedom for cach is the indicates that the variance components in question 
number of cor yponents making up the variable less are real——have a real effect 
12 the Phe interaction mean squares are first compared, 
the pindle we would have to know three other in starting with the smallest valu If any of these 
mean squares are smaller thar residual 
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4 ply the products of the individual degrees of freedom to be unreal and can be immediately lumped with the 
a making up the specific interaction resiaual variance In the present case all of the 
In the Summary Dable i! cates a variance mean qu are greater tl the residual mean 
; or standard deviation squared fhe actual coefh “juare; so the SD interaction mean square, the 
: smallest. is com ‘ed tirs sing 1; , } 
crents of the Variance term have not been included ny 
It can be seen that the sums of squares, when com ee R tee that is, the “/ test with Snede ‘ 
or’s Tables—t mean souare } 
| puted in the above manner, are actually variances cor's Tal this mean square is compared with the - 
sid n squ s foll 
multiphed by n, the number ot degrees of freedom 


Theretore, all the me 


estimates of the yr ind 1on, are determined by F ss 1.22. which - F of 2.46 


18 


grees ot freedom 


4 Che residual variation is tl it variation wl ch ¢ in where Db degrees ol freedom 

4 not be accounted for by the primary variables ot Thus this interaction cannot be shown to have a 
their interactions It is the inherent experimental significant effect on the process (hased on the 5 
errot Its variance estimate is best found by sub significant level) ; the Vin component is not real and 
tracting the sums of all the sur of squares and ©#@" be considered as part the residual variance 
degrees of freedom trot the re pective t tals yUust Vo It Is, therefore lumped vith the latter in order 

und and dividing the residual ml « sauares by to obtain a better estimate of the residual iTlanece 

the residual degrees of freedom with more degrees of freedom 
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The PD interaction meat square, which is the tl 
next smallest, is now compared with the new residual — the 
mean square 
126 
1.75, which < of 2.46 
71.8 
27 
\s with the previous interaction, this one cannot 
be sl} n to be significant; the variance component 
can be deleted from the Summary 1 ible effec 
tively lur ped with the residual vy iriance, Vo I 


Source ot Sum ot 
Variance squares 1.4 Mean square Variance 
Residual 1939 7 Residual 3718 39 

PD 758 6 D 317 3 


2697 33 81.5 (new residual 4035 42 96.0 (new residual) 


mean square is compared 
The last interaction, PS, is next compared 


(6D. 


Thus, lee Vee! | lle iMavie is mot 
Again, this interaction is not significant at the 5 
nificant at the o evel either and it Variance est 
level and the component Vps can also be lumped as ae 
: mate can be lumped with that of the residual 


Source of Sur of 


OF variance squares Mean square 
Variance squares D1 Mean square 
Residual 4035 12 
607 cesidua 2 
Residua 209 s 238 3 
PS 1021 6 
é $373 97.2 (new residual) 
3718 39 95.3 (new residual 
I he last jtem 1 I, the mean square of which 1 
In this investigation, mone of the imteractio 
compared is if 
turned out to be significant However, if one or 
1.1 
2 
more had been, this would most hkely } ive been 382 
due to a cause-and-effect relationship between the I 07? 3.93, which > Fag of 3.20 
‘ 
7 ? 
variables involved $5 1] 
Therefore, the \ Variatice component is wrih 
ariance Comparisons - 
cant t the 5 ivi cance level accepted We 
he primary mean squares are next compared. - can say, ¥ less tl a 5 
Since none oft the interactiot nance components vyrong, that the between 
ire real, the significance ¢ € pt iry variance con present ¢ e ha yriilicant ete 
ponents can be determined | i direct comparison 
of the respective 1 cal juares with the res lual l . 
nean square Had anv of these interactions beet It nore the variables had t 
significant. the meat juare of the primary vat , nificantly different from the re 
containing this significant component would have to indicate that the inherent expe 
be compared with the interaction mean square i1 greater than the effect of any of 
stead of that « the residual in order to detern ( considered 
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DA 
Since the effect of the “between days” variable 
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When this analysis was started, it was suspected 
that any one or a combination of the three variables 
considered—days, spindles, or positions on the bob- 
bins—-might have a significant effect on the product 
\ study of the data still did 


But the general analysis of 


of this roving frame 
the 
did 


that the only 


not give solution 


variance show something of importance—t.¢ 


variable having a significant effect on 


this process was the “between positions” variable 
This indicated that this roving frame was probably 
out of control as far as its building mechanism was 
concerned, giving a greater draft on the inside of the 
bobbin than on the outside. 

lf this difficulty could be corrected, another analy 
sis could be made in order to determine whether or 
the other be 


However, as is often the case if nothing can be done 


not variables would then significant 


about the error, the knowledge of the error should 
Thus, in 
testing the product of this roving frame, only full 


be taken into account in future sampling 


bobbins should he used to compare the roving ot 


different specimens However, from the other con 


clusions, it would not matter which spindles or which 


days were chosen 


In a similar analysis on a spinning frame, the 


variation between spindles was significant and that 


between positions was not. Comparing the results 
of these two analyses, the differences can be ac 
counted for by the facts that the spindles of the 


roving frame were each gear driven whereas those 
of the spinning frame were tape-driven, and that the 
builder mechanism 


not 


roving frame had a differential 
the 


analysis reveals its own points of value, some of great 


while spinning frame did leach general 


econonnc importance and others of consequence with 
respect to quality 
to the number of 


Theoretically, there is no lmit 


variables which can simultaneously be taken into ac 


count. The author has made several such analyses 


using 4 factors and two using 5 factors in investiga 
the latter 


tions of varn strength. In instances the 


variables considered were 


(1) between positions on 


| 
| 
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the bobbin, (2) between bobbins from the same spin 
dle, (3) between spindles, (4) between spinning 
How- 


variables was considered, 


frames, and (5) between days of the week. 


ever, when this number of 
it was necessary to replicate over one of the variables 

breaking the experiment down into separate four 
factor analyses 


of the 


to ascertain the significance of some 


primary variables. The only advantage of 
taking this number of variables into account is to 
investigate all possible interactions, but most of the 
higher-order interactions are incapable of explana 
tion even when significant 

Thus, the author would recommend 2 or 3 simple 
three-factor analyses rather than one five-factor 
analysis 

The advantages of small general analyses of vari 
ance can never be overestimated. 


tor is 


These analyses are 


extremely useful which give answers to a 
variety of questions in the textile industry incapable 


of solution by any other means 
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A Foam Method for Degumming Raw Silk 


F. Bryant 


lelbourne, Australia 


Abstract 


1 san met tor le raw silk 
from tensile strength degradation a 
or broken filaments Phe winding 
that of yarn degummed by the me 
variation in the published values fo 


pH—may be due to variation m the 


degumming procedures 


Aus HOUGH THE USE of hot aqueous alkalin 


solutions of soap and/or sultonated oil is generally 
considered to be satisfactory for most practical cle 

gumming purposes, they aimost invariably cause 
legradation (as detected by 


some degree of fibroin « 
tensile strength or fluidity measurements). Signet 
and Strassle [11] have shown that sericin removal 
ina hot 5% soap solution caused fibroin degradation 
even when the time of treatment was as little as 5 
min. Fluidity measurements on fibroin dissolved in 
cupriethylene diamine were made by Caldwallader, 
Howitt, and Smith [3], who found a fluidity increase 
of 4.4% after a treatment for 1 hr. in a boiling 1° 
soap solution. However, neither of these methods 
would completely remove all the sericin, and thus 
the use of longer and or stronger treatments to en 
sure complete degumming must be associated with an 
increased resultant fibroin degradation 

A specific example in which a large part of the 


variation of values obtained is probably due to lack 


of uniformity among the initial proteins is the pH at 
the isoelectric point of fibroin, some values of which 
are given in Table | 
The effect of other factors on the preparation of 
the fibroin protein has been demonstrated—as in the 
1 


ase where si legummed with alkali at 
case where silk Was aikKall at 


1 


temperature, when the electrokinetically measured 
isoelectric pH was 4.03; 2 hrs.’ drying at 105°C re 


he value to 3.39 [7 


skeims is desernbed The yarn produced is tre 


4 come m 
n { 1 te, be pet ' 
ested that a arge part t the 
tibros 
{ arise tron ¢ fd rent 
! 
soelee trie Method of 
pH letermina Retere 
2.2 Cataphoresi 5 
Nephelometric 
( itaphores ? 
2 Swelling 9 


During laboratory trials on Japanese 13/15 den 


raw silk skeins, the use of a surface-active agent with 


Its associated generation of large quantities of loam 


suggested that this might constitute a desirable mild 


degumming procedure \ literature survey revealed 


only two brief mentions of the use of a foam degum 


ming operation [6, 8], and hence the procedure 


lescribed in the next section was subsequently 


developed 


Experimental Procedure 


The suggested process depends upon the main 
foam bath, which 1s preceded by a short plasticization 
hath and followed by two rinses, the first warm and 
th 


he second cold The tirst step ts intended merely to 


moisten and plasticize the gum, although from obser 


vation of the process im practice some sericin ap 
pe irs to le re ed this 
Phe compositions of the 
follow the percentages a 
ot water 


i 
| 
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Line, 
Prestige 
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| materia 
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$.45-4.74 Electric charge 
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Plastiization Bath 


W ater-to-silk weight ralio 


Sodium hexametaphosphate * 
Potassium carbonate 04° 
Sodium bicarbonate 
lemperature 
Immersion time 10 muon 
Foam Bath 
Water as convement 
Sulfated cetyl alcohol 7 1.0% 
Potassium carbonate 1.4% 
Sodium bicarbonate 0.6% 


Immersion time = 20 min 


Harm Rinse 


Water-to-sik weight ratio = 100 to | 


Potassium carbonate 0.4%, 
Sodium bicarbonate 0.36 
Pemperature ~70°¢ 


Immersion time 1O min 


In the foam generation the amount of water used 


is sufficient to cover the bottom of the bath or vat to 


a dept some inches below the bottoms of the sus 


pended and separated skems. In order to generate 
the foam, the water is heated to just botling, at which 
time the tatty alcohol is added while th 


continued \fter another 3 to 5 mim. the alkali is 


added. The most convenient method for large-scale 
oper ition has been found to be to utilize encl sed 
steam coils through which steam is passed at such a 
rate as to maintain the foam level above the level of 
the vat edges \ foam-generating capacity which ts 


equivalent in volume to six times the volume of 


water used is readily obtained and maintained for the 


teel rods which extend across the vat, the sketns 
being hur y so that there 1s litt 
tanglement 
tion of the skeins, which should be performed every 
few minutes, the skeins being stretched between the 
rods while ben rotate 


The con 
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The method can readily be used in the laboratory 


for degumming small lengths of varn, which should 


he wound in skein form. Beakers of the appropriate 
size, equipped with clips on each side to prevent 
rolling of the rods used for suspending the varn, are 


all that is required, apart from the heat source 


Discussion 


Yarn degummed by this foam method exhibited no 
loss in tensile strength. The final cones presented a 
clean appearance, with little or no hairimess, and the 


windir 


ig breakages were reduced by approximately 
90%. This figure is in very close agreement with 
that quoted by Marsh [&| for the proportional reduc 
tion in “lousiness” of yarn when silk was degummed 
by a foam method as compared with an ordinary 
process. There is also an added economical advan 
tage in that the quantities of chemicals used are small 
and the time involved is much less than ts customar\ 
with the more usual methods. The foam method 
may perhaps be limited im its application to yarn 
other than raw silk because tightly twisted varns 
would severely limit the penetration of the foam into 
the interstices of- each thread; modification of the 
procedure, especially with respect to time of treat 


ment, would probably be necessary in such gases. 
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Colloid Science. Vols. I and II. A. E. Alex 
London and New York, Ox 


ford University Press, 1949. Vol. I, 554 + xxii 


ander and P. Johnson 


pages; Vol. II, 283 + viii pages. Price, $15.00 


Colloid Science, Vol. II: Reversible Systems. 
Edited by H.R Kruyt Translated by L. C Jack 
son. Amsterdam and New York, Elsevier Publish 


ing Co., Inc., 1949. 753 + xix pages. Price, $11.50 


(Reviewed by Earl K. Fischer, National Bureau of 
Standards, Washington, ) 


Che literature on colloids continues to grow \u 
thorities are now inclined to speak of “colloid sei 
ence” and thus to recognize the imseparable contr 
butions from different scientific disciplines. The twe 
treatises reviewed here are recent additions to the 
book shelf, and, although they both have the same 
title, they are different in content and in viewpoint 
In both, however, there is a great emphasis on the 
thermodynamic approach to the subject, and the au 
thors make a notable effort to emphasize « 


juantitative 


jualitative description 
There 1s, too, a disposition to ¢ xplain comple x mech 


We can prob 


le nee 


aspects and to depend less on « 


anisms with hypotheses and theory 
ably attribute this transition to a growing confi 
in experimental techniques and data 

The two-volume treatise by Alexander and John 


son has many of the features of a textbook It is 
divided into three sections: Part I (127 pages) con 


tains an historical survey and chapters on colloidal 


stability and thermodynamics. Part I] (427 pages 


is on experimental methods and their theoretical 
basis and includes descriptions of methods for char 
acterizing the components of colloidal systems and 
for studving the properties of the different interfaces 
Phe separate topics are osmotic pressure, diffusion, 
electrophoresis, sedimentation, x-ray and electron 
diffraction, optical properties, surface films, and ad 
sorption. Part IIT (265 pages) is devoted to the 


principal colloidal systems, with chapters on sus 


polymers, and membranes 
The discussion under each topic contains material 


of current research interest. T 


sidered an effective expression of modern concepts of 


Book Reviews 


s, foams, colloidal electrolytes, proteins, 


are given scant attentio 
planned and printed, an 
and succinct. Despite its size, the value of the work 
as a reference book is limited, for citations to the 
literature are comparatively few and those given do 
not always represent the best sources for additional 
information; moreover, there is no author imdex and 
the subject index is totally inadequate 


of most interest to those desiring a summary of the 


It will prove 


subject matter of colloid science and as an adjunct 


textbook for tea hing 


The volume edited by Kruyt is a comprehensive 
treatise on lvophilic colloidal systems (designated in 


this volume as reversible colloids), containing 14 
apters by Booij, de Jong, J. J. Hermans, P. H 
Hermans, Houwink, and Overbeek \ companion 


cl 


treatise on lyophobic systems (irreversible colloids 


is scheduled for publication later in 1950 as Volume 


| The two volumes will represent the concepts of 
colloidal systems as viewed by the active Dutch 


school of imve stigators 


Although the foundation 
for their work are to be found in the well-established 
principles of colloid science, there are numerous « 
partures in concept and terminology, and the readet 
will be interested in noting the wav in which ideas 
which were in vogue a generation ago have 


either elaborated or discarded The central 


expressed by J J Hermans, is that there ts no « en 


tial difference between “micromolecules” and “macro 
molecules” —variations in behavior, attributed to dif 
ferences in size and shape of the dispersed units, are 
of a quantitative nature and are not due to differences 
of kind 

Topics which thread through the discussions by 


the several authors include the following: formation, 


dimensions, shapes, and interaction of irge 1 ole 
cules; the physical properties of solutions (sols 


including important methods for measurement; solu 
bility, swelling, gelation, and association phenomena 
(micelles and coacervates } 
\s a single reference source for factual informa 
tion and for stimulating theoretical discussions this 
| 


prove of real value. There is some repeti 


tion, as is inevitable in books of multiple 
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The literary style occasionally lapses into untamuliar 
Jackson 


idiom, but the English translation by L. ¢ 


competently oone 


Physiology of Heat Regulation and The Sci- 
ence of Clothing. Fdited by L. H. Newburgh 
Philadelphia and London, W. B. Saunders Co., 1949 


$57 pages; 78 figures; 38 tables. Price, $7.50 


fo quote from the Preface: “This book attempts 
to describe the responses of the heat regulatory mech 
anism to the whole range of climatic conditions en 
countered on the earth's surface. It emphasizes the 
maximal capacity of the mechanism to preserve life 
under the most adverse conditions and establishes the 
limits of that capacity. It shows how far the rigors 
mitigated by 


How- 


ever, it does not assume to have given the final 


of unfavorable environments can be 


scientifically designed protective coverings 


answers 

Although, as Newburgh states, the final answers 
to the problems concerned with man’s survival under 
extremes of climate have not been obtained, it will 
be obvious to the reader that much has been accom 
plished Phe book summarizes the existing knowl 
edge on the subject, much of which has resulted trom 
the vast amount of research and experimentation 
carried out during and since World War Il. The 
subject matter has been divided into chapters each 
of which was contributed by someone who either 
participated actively in the research or under whose 
direction a given phase of the work was conducted 
contributed 
chapters are H. S. Belding, Lyman Fourt, and Mil 


ton Harris 


\mong the textile scientists who have 


The first part of the book deals with the mecha- 
nisms by which the body adjusts itself to the environ 
ment, and discusses the physical factors concerned 
with heat transter to or trom the environment, how 
the body maintains its heat balance and makes its 
adjustments to heat and cold, the effects of exercise, 
el 


In Part I, 


above tactors are considered in connection with pro- 


tective clothing 


“Clothing, a 


Ke 


Thermal Barrier,” the 


Requirements for ideal fabrics to 


meet conditions ranging from those imposed by the 


desert to those of the polar regions are discussed, an 


l, and 
the eXperience with various garments, tootwear, and 


headgear ts described 


— 


| 
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This is the outstanding publication to date in this 


held and should be useful as a textbook 


ach chap 


documented with literature citations 


The style of writing is “down-to-earth” and under 


ter fully 


standable as well as useful to the general reader 
The chapter “Adaptations to Climate among Non 
European Peoples,” in particular, should be inter 


esting and informative to the layman 


Ramie—-Culture, Preparation, Characteristics 
and Utilization (Kultur, 
schaften und Verwendung ) 


Verarbeitung, Eigen 
Bruno Luniak. (In 
Zurich, 1949, 78 
pages. Price, $4.05. (Available through Stechert 
Hafner, Inc., New York.) 


(German. ) Verlag Leemann, 


Robinson, U.S Dept. ot 
Agriculture, Plant Industry Station, 


Be ltsville, Md. 


Its author 
contributes many original laboratory tests to develop 


This excellent booklet is long overdue 
his subject. The agricultural section on culture and 
preparation is well presented and illustrated, showing 
modern methods employed in Florida ; however, there 
is little elaboration on oriental practices which might 
have some fundamental significance for practices in 
the oecident. The mechanical preparation, degum 
ming, and spinning operations are briefly discussed ; 
some readers might desire further discussion on 
these subjects On the other hand, the characteris 
tics of ramie fiber and ramie finished products are 
presented by illustrative and original experimental 
data. The results help clear up some traditional, 
erroneous ideas which have been repeated too often 
by writers on ranve, Only original data are ab 
stracted here, although the author assembles and 
cites the literature on the subject. The work re 
ports tests on raw material from China, the Philip 
pines, Straits Settlements, Cameroons, Florida, and 
Brazi 

(ualitative and quantitative tests are included for 
the identification of ramie fibers in mixtures and 
other fibers. Extensive data are given on the wet 
and dry tensile strength, elasticity, knot strength, and 
loop strength of ramie yarns both unbleached and 
Additional tabu 


lated material is presented on the yarn strength in 


bleached and of different numbers. 


relation to the direction of twist and the degree of 


twisting 


Che tensile strength of ramie mercerized 


| | 
| 
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varns 1s given. Comparisons are made between the 
tensile strength and the breaking elongation of yarns 
of 100% ramie, mixtures of ramie and rayon (30 
70% and 70-30%, 
Tests are also reported which compare the properties 


of fabrics made of cotton, flax, and ramie 


respectively), and 100 rayon 


The author concludes that the limit of ramie utili- 
zation is determined mainly by its spinnability and 
price, and that normally it will not be spun finer than 
Number 40 


from being used in cheap articles, but ramie should 


metric count The price excludes it 
have application where quality or special character 


istics are needed and also in mixtures 


Studies on the Partial Hydrolysis of Cellulose. 
Leif Jorgensen Oslo, Norway, Trvkt Hos Emil 
Moestue A S, 1950. 176 pp \ 
on payment of 75¢ postage, 


\ktiebolag, 


limited number 


} 
at copies are available, 


the author, c o Billeruds Saffle, 


from 


Sweden 


(Reviewed hry R ) Steele Textil Re search 


Institute, Princeton, N. J 


This 


amount of experimental work which was carried out 


doctoral thesis represents considerable 
at the Institute of Paper Chemistry and MeGill Uni 


versity. It is presented in 3 sections: materials and 


methods ; chain-length and chain-length distribution 
studies during hydrolysis; and accessibility measure 
ments. 

In the second section, which comprises nearly halt 
of the monograph, are described the heterogeneous 
and 
the 


chain-length distribution of the hydrolyzed materials, 


and homogeneous hydrolysis of cotton cellulose 


two unbleached wood pulps. Differences in 


as found by fractionation and viscosimetric molecu 


lar-weight determinations, are interpreted in terms 


of structural differences Characterization of the 


chain-length distribution by means of its first three 


moments is proposed and used 


In the third part is described a modified method 


for using chromium trioxide to measure accessibility 


Historical surveys and detailed descriptions ot 


techniques take up too much space and reduce the 


effectiveness of the presentation ; in spite of the great 
amount of work involved in obtaming the data given, 


one has the teeling that little new light has been shed 


cellulose 


on the problem of the fine structure of 
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ical errors are tairly numerous although 


a tew were corrected on a page of typewritten errata 


in the review copy The binding ts 


t table ot contents 


and there is no index, although t 


is tairiv detained 


Chemistry and Industry of Starch. Second 
Edited by Ralph W New York, 
Academic Inc., 1950. 719 + xit pages; thus 


trated. Price, $11.50 


kedition Kerr 


Press 


wwed by 


( Rew 


second edition of Kerr's well-known book, 


Phe 


1 


enlarged by some 50‘ represents a considerably 


first edition. It consists of 


Nature, 


version of the 


sections —Occurrence Preparation, 


Properties, Reactions, Uses and Analysis bitteen 
of the 24 chapters (some 500 pages) were written 


by Kerr, the rest by 9 able collaborators 


For 


gists the technical parts ot the book dealing with the 


industrial laboratory workers and technolo 


production and application of starch and its deriva 


tives should prove to be an invaluable source of 


excellent mtormation 

kor scientific research workers the pertinent chap 
ters afford the opportunity to obtain a general pu 
the 
most ot the 


al 


ture of starch problem as it appears today to 


starch chemists in this country and 


road. Whether or not this picture corre sponds to 
the ultimate truth, 
to tell 


and there 


at present no one ts ina position 


There is some overlapping of subject matter 


are even some contradictory mterpreta 


tions ot tacts, as 1s olten the case in collaborative 


However, the main criticism this reviewer 
the the 


that it tends to glide over very real 


writing 


would level at scientific section of hook is 


problems that 
instead of bringing 


them imto sharp focus by thorough andl 


still exist in starch chemistry 


frank discus 


sion and thus stimulating further research 
The dualistic, or, since recently, perhaps, the 
multiple concept of starch structure holds a sur 


prisingly firm grip on the reasoning of most starch 
unhasty 
The 


chemists who are unzealous and to probe 


their predecessors unitars 
still tal 
French colle agues 


book 


curiosity for years have 


any deeper than 


theory of starch structure 1s most 


“starch circles,” although our 


their views are not mentioned in this new 


with refreshing scentifi 
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Se 
| 
ae 
gee 
| 
ili Btw 


been peeping at the other side of the door To this 
reviewer it appears that by avoiding or ignoring 
certain di concerTting experiment il facts, or by imter 


preting them by means of rather unconvincing aux 


ihary hypotheses, starch research may eventually 
irrive at a dead-end street, just because we have 
‘ nitted ourselves to one favorite concept 


fo illustrate: Although the 1,6-glucosidic linkages 
are known with certainty to be more resistant to 
acid hydrolysis than the 1,4-linkages, in discussing 
the results of certain experiments the author, because 
of his stand on the “safe” base of the multiple con 
cept, is logically foreed to the conclusion that, “under 
certain conditions at least, these polymeric bonds are 
more readily ruptured than the normal linkages in 
starch” (p. 216). Undoubtedly, many of the readers 
will approve of this and simular “gliding” over cru 
cial obstacles, but some of them might like to ask 
just what these “certain conditions” signitv, what 
these “polymeric bonds” are, and how their proved 
existence can ever be reconciled with the dualistic or 
multiple concept of starch structure 


belongs to the second group and only hopes that 


This reviewer 


some day someone will give a satistactory answer 
For enriching the scientific literature with a valu 
able contribution Dr. Kerr deserves sincere con 
gratulations from his colleagues all over the world 
This reviewer highly recommends this book to stu 
dents of carbohvdrate chet wmstry, research workers 
in academic and industrial laboratories, and tech 
nologists engaged in the production and application 
of starch. Acknowledgment is also due to the pub 
lishers, whose high standard in the production of 


the book has not resulted in a prohibitive sale price 


Advances in Carbohydrate Chemistry. \ 
edited by W. W. Pigman and M. L. Wolfrom 
New York, Press, Ine 1940 378 
pages; tlustrated. Price, $7.80 
(Reviewed by Engene Pacsu, Princeton University 


Princeton, N. J.) 


The appearance of another volume of this work is 


always cheerful news to the much-occupied research 


chemust limportant, up-to-date information is ex 


pertly presented and integrated in a clear, concise 


manner by authorities on the respective subjects 


In this latest volume 10 topies are treafed, written 


by 14 competent authors trom Canada, Argentina, 


TEXTILE RESEARCH JOURNAI 


England, Holland, and thé U. S. Included are: “The 
Structure and Configuration of Sucrose,” by 1. Levi 
and C. B. Purves; “Blood Group Polysaccharides,” 
by H. G. Bray and M “Apiose and the 


(slvcosides of the Parsley Plant.” by C. S. Hudson: 


Stacey ; 


Biochemizal Reductions at the I-xpense of Sugars,” 
by C. Neuberg; “The Acylated Nitriles of Aldonic 
\cids and Their Degradation,” by \ 
“Wood Saccharification,” by 


Deulofeu ; 
Harris; “The 
Use of Boric Acid for the Determination of the Con 
figuration of Carbohydrates,” by |. Boeseken; “The 


Hexitols and Some of Their Derivatives,” by R 


Lohmar and R. M. Goepp, Jr.; “Plant Gums and 
Mucilages,” by J. K. N. Jones and F. Smith; and 
Wiggins 


leach of the papers is a valuable source of informa 


‘The Utilization of Sucrose,” by L. E. 


tion, and together they represent a splendid docu 
rnent of the scientific achievements of a world-wide 
clan of scholarly workers. 

Volume IV will be widely used by carbohydrate 
chemists and others seeking reliable and detailed in 


formation on the special topics it covers. 


Physical Methods in Chemical Analysis. Vol. | 
-dited by Walter G. Berl New York, Academic 


Press, Ine., 1950. 664 pages Price, $12.00. 


( Reviewed hy Helmut HW akeham, Textile Re search 
Institute, Princeton, N. J.) 


Chis book is a compilation of reviews of the vari 
ous physical methods which have been or may be 
applied to chemical analytical problems. Each sec- 
tion is written by an expert in the field. Although 
the treatment is relatively elementary, considering 
the extent and complexity of the physical bases for 
the various methods described, the material on eash 
subject is adequate for a well-developed introduction 
to the method 

Che physical methods described in this volume in- 
clude those methods which deal with the interaction 
of radiation with matter: x-ray absorption and dif- 
traction, electron diffraction, spectrophotometry. and 
colormetry, emission spectrography, infrared spec- 
troscopy, Raman spectra, polariscopic phenomena, 
light refraction, electron microscopy, and mass spec- 
trometry 

Volume II, which is to appear at an early date, 
scuss electrical, magnetic, and miscellaneous 


as well as methods of separation 
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Although it is difficult for any one 


person to 


4 
helds, the 


critically judge contributions in so many 
impression gained by the present reviewer is that the 


job has been well done. 


The editor deserves a we 


earned bouquet for keeping the contributors on the 


path of analytical applications. Each section, wher 
ever possible, begins with a development of the 
| 


theoretical basis for the raethod, includes a critica 


} 


1 apparatus available, and 


evaluation of techniques and < 
discusses the applications an 
The 
most part, are up to date; 


ences have been added after the chapters were writ 


limitations with sp 


cific examples. literature references, for the 


lists of additional reter 


ten and edited in a laudable effort to make up for 
publication delays. 

In a book so full of well-written chapters, it may 
But the 
reviewer feels that the chapter on Diff rac 
tion Methods as Applied to Powders and Metals,” 
by Wilham L 


for its completeness, as does the chapter on “Polari 


not be proper to make honorable mentions 


Davidson, deserves special mention 
scopic and Polarimetric Examination of Materials by 


Transmitted Light,” by C. D. West 
“X-Ray Diffraction as Applied to Fibers,” by John 


The section on 


A. Howsmon, while not as complete as the one on 
powders and metals, nevertheless is the best current 


review of the field available. 


Silicones and Other Organic Silicon Com- 
Howard W. Post. New York, Reinhold 
1949. 230 pages. Price, $5.00 


pounds. 
Publishing Corp., 


g 
(Reviewed by Frank W. Reinhart, Nattonal Bureau 
of Standards, Washington, D. C.) 
Scientific information available in the chemical 
literature on silicone resins and the compounds of 
silicon which contain organic radicals is organized, 
correlated, and evaluated in this book. The topics 
considered include halogenated silanes, a review ot 
the work of Kipping and his associates, compounds 
prepared at moderate temperatures, compounds pre 
pared at high temperatures, the polymerized oxo 
1 


silanes, compounds analogous to ether and amines, 


and nomenclature. The physical properties of over 
700 organic silicon compounds are given 

A list of 707 references to the scientific literature 


is included. This well-prepared bibliography on the 


chemistry of the organic silicon compounds will be 


The book is well 


An Outline of Statistical Methods for Use in 
the Textile Industry. A 
Wool 


i) page 


Brearley and D. R. Cox 


Leeds, Industries Research Asso 


7 Price, 4/6 


ciation, 1949 
by William J 


Sons Carpet Company, Yonkers, N.Y.) 


(Reviewed Vackarland, Alexander 


« 


statistical methods is on the 


le industry is not an 


The use of increase 
nv industries, and the texti 
statistical inference 


exception. The reason is basic 


maximizes the amount of intormation any set ot data 


may vield. There is a two-fold need for a publica 


tion of this nature: (a) to make intelligible to non 
statisticians the flood of textile research results which 
utilize statistical methods and terminology; (>) to 
enable the nonstatistician in the textile field to make 
use of the many useful (and relatively simple) statis 
tical tools available to him 

Any such publication has dual pitfalls to be avoided 

the danger of being too mathematical in treatment 
for the “practical” man, and the danger of being 
merely a compendium of inflexible formulas to be 
applied by rote. In the estimation of the reviewer, 
both Seylla and Charybdis have been avoided, and 
the result is a relatively nonmathematical and quite 


intelligible work 


A wealth of material has been compressed in this 
| 


short publication. Among the subjects covered are 


frequency distributions, control charts, tests of sig 
analysis of variance, 


Additional 


notation and useful 


nificance, confidence intervals, 
and the design of experiments usetul 
features include a summary of 
formulas, a glossary of statistical terms, and sugges 
tions for further reading 
Examples demonstrating the application of the 


various statistical techniques are present in abun 
dance, and are worked through in sufficient detail to 
ensure clarity 
The treatment of analysis of variance is quite ex 
cellent for a work on the elementary level, the dis 
I and II of the analysis of 
being clearly set forth. The 


testing hypotheses and confidence intervals are also 


tinction between Types 


Variance sections on 


excellent. However, it is necessary to point out that 


| is 
help to the chemist who is searching for published 
mftormation on these materials 
written, easy to read, and 

in 

: 
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the British practice of setting up both 1% and 3% 


(treating the region between 5% 


sgniticance level 
evel 


and 1% as one of no decision, requiring further test 


ing} is not generally followed in the U. S., where 


only one significance level is usually specified 


The section on control charts could be improved 
materially if greater emphasis were placed on the 
problem of taking rational subgroups. The only im 
portant elementary statistical methods omitted that 
might well have been included are correlation and 
linear regression 

It is unfortunate that the authors did not drama 
tize more fully the economic and operational advan 
tages that the correct application of statistical tech 
niques result in. For, after all, it is only through 
convineing individuals at the managerial level of the 
resultant benefits that large-scale application of sta 


tistical methods in industry will become possible 


With the exceptions noted, the work reaches tts ° 


objectives handsomely 


Modern Textile Design and Production. k. 11 
Wright London, The National Trade Press Ltd., 
1949. 168 pages; 96 design plates of 317 figures, 
including 97 in color; 41 diagrams, charts, and pro 


duetion photogr iphs Price, 42 net 


State College of Agriculture and Engineering 


Umirversity of North Carolina, Raletah, N. ¢ 

Phe title of this book is somewhat misleading in 
that its maim subject is design—treated principally 
from the standpoint of the artist; the book furmishes 
comparatively little discussion of technical designing 
and production problems. Nevertheless, the author 
has done a good job in showing the work necessary 
for the artist in producing good designs for a par 
ticular purpose 

The 22 chapters could be divided inte subject 
textile 


groups as tollows design—detinition (1 


chapter); economics of design (1 chapter); plain 
and color woven fabrics (5 chapters); dyed and 
finished fabrics (4 chapters textile printing and 


designs for printing (11 chapters) 
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The average textile designer will find the many 
designs most interesting and will be able to get some 
good ideas from the various plates. The author has 
written this book around a large selection of designs 
ior the many types of fabrics, with special emphasis 
on designs for printing 

Because of the use of color plates, the chapter 
“Colour and Weaves” will be of interest to those 
designers who have not made a study of the appli 
cation of color to weaves. The book should also 


prove of value to students 


Textile Catalogues and ‘Textile World” Year- 
book 1949-1950. New York, McGraw-Hill Cata 


logue Service. 478 pages. Price, $5.00. 


This well-known catalogue, now in its twenty 
seventh year, has been brought up-to-date. The 
major portion of the book is devoted to illustrations 
of and desc riptive matter pertinent to textile ma 
chinery, equipment, and supplies; one section lists 
various products of chemical and dye manufacturers 
Seventy-two pages are concerned with mill reference 


and processing data. Included in the catalogue is a 


complete classified index and directory of manufac- 


turers of textile machinery, equipment, supplies, dyes, 


and che miicals 


Cottons of World Commerce. Berkley. 
Houston, Texas, Anderson, Clayton & Co., 1950 


27 pages 


This booklet by a well-known scientist and author- 
ity in the field, written primarily for Anderson, Clay- 
ton & Co. personnel, will be found useful by students, 
laboratory personnel, and by the general reader 

Differences in fiber properties between typical 
commercial world cottons from different: producing 
areas are illustrated by photomicrographs and tabu- 
lar data, and the origin and growth factors of cotton 
fibers are discussed. Laboratory methods of meas 
uring fiber properties are described, and the relation 
ships between fiber properties and spinning quality 


} 
are Ciscuss¢ d 
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